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(57) Abstract 

A treatment process is disclosed that comprises administering an effective amount of an aromatic sulfone hydroxamic acid that 
exhibits excellent inhibitory activity of one or more matrix metal loprotease (MMP) enzymes, such as MMP-2, MMP-9 and MMP-13, while 
exhibiting substantially less inhibition at least of MMP- 1 to a host having a condition associated with pathological matrix metalloprotease 
activity. The administered enzyme inhibitor corresponds in structure to formula (I), below, or a pharmaceutical^ acceptable salt thereof, 
wherein R and R are both hydrido or R l and R 2 together with atoms to which they are bonded form a 5- to 8-membered ring containing one! 
two or three heteroatoms in the ring that are oxygen, sulfur or nitrogen. R 3 in formula (I) is an optionaly substituted aryl or optionally 
substituted heteroaryl radical. Also disclosed are metalloprotease inhibitor compounds having those selective activities, processes for 
manufacture of such compounds and pharmaceutical compositions using an inhibitor. 
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AROMATIC SULFONE HYDROXAMIC ACID 
METALLOPROTEASE INHIBITOR 

5 

Technical F±^r\ 

This invention is directed to proteinase 
(protease) inhibitors, and more particularly to the 
use of aromatic sulfone hydroxamic acid compounds 

10 that, inter alia, are selective inhibitors of matrix 
metalloproteinases in a process for treating 
conditions associated with pathological matrix 
metal loproteinase activity, the selective inhibitors 
themselves, compositions of proteinase inhibitors, 

15 intermediates for the syntheses of proteinase 

inhibitors, and processes for the preparation of 
proteinase inhibitors. 

Background of the Invention 

20 Connective tissue, extracellular matrix 

constituents and basement membranes are required 
components of all mammals. These components are the 
biological materials that provide rigidity, 
differentiation, attachments and, in some cases, 

25 elasticity to biological systems including human 
beings and other mammals. Connective tissues 
components include, for example, collagen, elastin, 
proteoglycans, fibronectin and laminin. These 
biochemicals makeup, or are components of structures, 

30 such as skin, bone, teeth, tendon, cartilage, 

basement membrane, blood vessels, cornea and vitreous 
humor . 
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Under normal conditions, connective tissue 
turnover and/or repair processes are controlled and 
in equilibrium. The loss of this balance for 
whatever reason leads to a number of disease states. 
5 Inhibition of the enzymes responsible loss of 

equilibrium provides a control mechanism for this 
tissue decomposition and, therefore, a treatment for 
these diseases. 

Degradation of connective tissue or 

10 connective tissue components is carried out by the 
action of proteinase enzymes released from resident 
tissue cells and/or invading inflammatory or tumor 
cells. A major class of enzymes involved in this 
function are the zinc metalloproteinases 

15 (metalloproteases) . 

The metalloprotease enzymes are divided 
into classes with some members having several 
different names in common use. Examples are: 
collagenase I (MMP-1, fibroblast collagenase; EC 

20 3.4.24.3); collagenase II (MMP-8, neutrophil 

collagenase; EC 3.4.24.34), collagenase III (MMP-13) , 
stromelysin 1 (MMP-3; EC 3.4.24.17), stromelysin 2 
(MMP-10; EC 3.4.24.22), proteoglycanase , matrilysin 
(MMP-7) , gelatinase A (MMP-2, 72 kDa gelatinase, 

25 basement membrane collagenase; EC 3.4.24.24), 
gelatinase B (MMP- 9, 92 kDa gelatinase; EC 
3.4.24.35), stromelysin 3 (MMP-11) , metalloelastase 
(MMP-12, HME, human macrophage elastase) and membrane 
MMP (MMP- 14) . MMP is an abbreviation or acronym 

30 representing the term Matrix Metalloprotease with the 
attached numerals providing differentiation between 
specific members of the MMP group. 
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The uncontrolled breakdown of connective 
tissue by metalloproteases is a feature of many 
pathological conditions. Examples include rheumatoid 
arthritis, osteoarthritis, septic arthritis; corneal, 
5 epidermal or gastric ulceration; tumor metastasis, 
invasion or angiogenesis; periodontal disease; 
proteinuria; Alzheimers Disease; coronary thrombosis 
and bone disease. Defective injury repair processes 
also occur. This can produce improper wound healing 
10 leading to weak repairs, adhesions and scarring. 

These latter defects can lead to disfigurement and/or 
permanent disabilities as with post-surgical 
adhesions . 

Metalloproteases are also involved in the 

15 biosynthesis of tumor necrosis factor (TNF) , and 
inhibition of the production or action of TNF and 
related compounds is an important clinical disease 
treatment mechanism. TNF-a, for example, is a 
cytokine that at present is thought to be produced 

20 initially as a 28 kD cell-associated molecule. It is 
released as an active, 17 kD form that can mediate a 
large number of deleterious effects in vitro and in 
vivo. For example, TNF can cause and/or contribute 
to the effects of inflammation, rheumatoid arthritis, 

25 autoimmune disease, multiple sclerosis, graft 

rejection, fibrotic disease, cancer, infectious 
diseases, malaria, mycobacterial infection, 
meningitis, fever, psoriasis, cardiovascular/ 
pulmonary effects such as post- ischemic reperfusion 

30 injury, congestive heart failure, hemorrhage, 

coagulation, hyperoxic alveolar injury, radiation 
damage and acute phase responses like those seen with 
infections and sepsis and during shock such as septic 
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shock and hemodynamic shock. Chronic release of 
active TNF can cause cachexia and anorexia. TNF can 
be lethal, and TNF can help control the growth of 
tumor cells. 

5 TNF-a convertase is a metalloprotease 

involved in the formation of soluble TNF- a . 
Inhibition of TNF-a convertase (TACE) inhibits 
production of active TNF-a. Compounds that inhibit 
both MMPs activity and TNF-a production have been 

10 disclosed in WIPO International Publication Nos. WO 
94/24140, WO 94/02466 and WO 97/20824. Compounds 
that inhibit MMPs such as collagenase, stromelysin 
and gelatinase have been shown to inhibit the release 
of TNF (Gearing et al . Nature 376, 555-557 (1994), 

15 McGeehan et al . , Nature 32£, 558-561 (1994)). There 
remains a need for effective MMP inhibitors. There 
also remains a need for effective TNF-a convertase 
inhibiting agents. 

MMPs are involved in other biochemical 

20 processes in mammals as well. Included is the 

control of ovulation, post -part urn uterine involution, 
possibly implantation, cleavage of APP (fi-Amyloid 
Precursor Protein) to the amyloid plaque and 
inactivation of a^protease inhibitor (a! -PI) . 

2 5 Inhibition of these metalloproteases permits the 

control of fertility and the treatment or prevention 
of Alzheimers Disease. In addition, increasing and 
maintaining the levels of an endogenous or 
administered serine protease inhibitor drug or 

30 biochemical such as ax -PI supports the treatment and 
prevention of diseases such as emphysema, pulmonary 
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diseases, inflammatory diseases and diseases of aging 
such as loss of skin or organ stretch and resiliency. 

Inhibition of selected MMPs can also be 
desirable in other instances. Treatment of cancer 
5 and/or inhibition of metastasis and/or inhibition of 
angiogenesis are examples of approaches to the 
treatment of diseases wherein the selective 
inhibition of stromelysin, gelatinase A or B, or 
collagenase III appear to be the relatively most 

10 important enzyme or enzymes to inhibit especially 
when compared with collagenase I (MMP-l) . A drug 
that does not inhibit collagenase I can have a 
superior therapeutic profile. Osteoarthritis, 
another prevalent disease wherein it is believed that 

15 cartilage degradation of inflamed joints is at least 
partially caused by MMP-13 released from cells such 
as stimulated chrondrocytes , may be best treated by 
administration of drugs one of whose modes of action 
is inhibition of MMP-13. See, for example, Mitchell 

20 et al., J. Clin. Invest., 97:761-768 (1996) and 

Reboul et al . , J. Clin. Invest., 97:2011-2019 (1996). 

Inhibitors of metalloproteases are known. 
Examples include natural biochemicals such as tissue 
inhibitors of metalloproteinases (TIMPs) , <x 2 - 

25 macroglobulin and their analogs or derivatives. 

These endogenous inhibitors are high molecular weight 
protein molecules that form inactive complexes with 
metalloproteases. A number of smaller peptide-like 
compounds that inhibit metalloproteases have been 

30 described. Mercaptoamide peptidyl derivatives have 
shown ACE inhibition in vitro and in vivo. 
Angiotensin converting enzyme (ACE) aids in the 
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production of angiotensin II, a potent pressor 
substance in mammals and inhibition of this enzyme 
leads to the lowering of blood pressure. 

Thiol group -containing amide or peptidyl 
5 amide-based metalloprotease (MMP) inhibitors are 
known as is shown in, for example, W095/12389, 
WO96/11209 and U.S. 4,595,700. Hydroxamate group- 
containing MMP inhibitors are disclosed in a number 
of published patent applications such as WO 95/29892, 

10 WO 97/24117, WO 97/49679 and EP 0 780 386 that 
disclose carbon back-boned compounds, and WO 
90/05719, WO 93/20047, WO 95/09841 and WO 96/06074 
that disclose hydroxamates that have a peptidyl back- 
bones or peptidomimetic back-bones, as does the 

15 article by Schwartz et al., Progr. Med. Chem. , 
29:271-334(1992) and those of Rasmussen et al., 
Pharmacol. Ther., 75(1) : 69-75 (1997) and Denis et 
al., Invest. New Drugs, 15(3): 175-185 (1997). 

One possible problem associated with known 

2 0 MMP inhibitors is that such compounds often exhibit 
the same or similar inhibitory effects against each 
of the MMP enzymes. For example, the peptidomimetic 
hydroxamate known as batimastat is reported to 
exhibit IC 50 values of about 1 to about 20 nanomolar 

25 (nM) against each of MMP-1, MMP-2, MMP-3, MMP -7 , and 
MMP-9. Marimastat, another peptidomimetic 
hydroxamate was reported to be another broad- spectrum 
MMP inhibitor with an enzyme inhibitory spectrum very 
similar to batimastat, except that marimastat 

30 exhibited an IC 50 value against MMP-3 of 230 nM. 

Rasmussen et al . , Pharmacol. Ther., 75(1): 69-75 
(1997) . 
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Meta analysis of data from Phase I/II 
studies using marimastat in patients with advanced, 
rapidly progressive, treatment-refractory solid tumor 
cancers (colorectal, pancreatic, ovarian, prostate) 
5 indicated a dose-related reduction in the rise of 
cancer-specific antigens used as surrogate markers 
for biological activity. Although marimastat 
exhibited some measure of efficacy via these markers, 
toxic side effects were noted. The most common drug- 

10 related toxicity of marimastat in those clinical 

trials was musculoskeletal pain and stiffness, often 
commencing in the small joints in the hands, 
spreading to the arms and shoulder. A short dosing 
holiday of 1-3 weeks followed by dosage reduction 

15 permits treatment to continue. Rasmussen et al . , 

Pharmacol. Ther., 75(1): 69-75 (1997). It is thought 
that the lack of specificity of inhibitory effect 
among the MMPs may be the cause of that effect. 

International application WO 98/38163, 

20 published on September 3, 1998 disclose a large group 
of hydroxamate inhibitors of MMPs and TACE. The 
compounds of WO 98/38163 contain one or two 
substituents adjacent to the hydroxamate 
functionality and a substituent that can be an 

25 aromatic sulfonyl group adjacent to those one or two 
substituents. 

International application WO 98/3 7877, 
published on September 3, 1998 discloses compounds 
that contain a 5- to 7-membered heterocyclic ring 

3 0 adjacent to the hydroxamate functionality and can 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



contain an aromatic sulfonyl group adjacent to the 
heterocyclic ring . 

Although many of the known MMP inhibitors 
such as batimastat r marimastat and the hydroxamates 
5 of WO 98/37877 and WO 98/38163 exhibit a broad 

spectrum of activity against MMPs, those compounds 
are not particularly selective in their inhibitory 
activity. This lack of selectivity may be the cause 
of the musculoskeletal pain and stiffness observed 

10 with their use. In addition, it can be 

therapeutically advantageous to utilize a medicament 
that is selective in its activity as compared to a 
generally active material so that treatment can be 
more closely tailored to the pathological condition 

15 presented by the host mammal. The disclosure that 
follows describes a process for treating a host 
mammal having a condition associated with 
pathological matrix metalloprotease activity that 
utilizes a compound that selectively inhibits one or 

2 0 more MMPs, while exhibiting less activity against at 
least MMP-1 . 

Summary of the Invention 

The present invention is directed to a 

2 5 treatment process that comprises administering a 
contemplated aromatic sulfone hydroxamic acid 
metalloprotease inhibitor in an effective amount to a 
host mammal having a condition associated with 
pathological metalloprotease activity. A 

30 contemplated molecule, inter alia, exhibits excellent 
inhibitory activity of one or more matrix 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



metalloprotease (MMP) enzymes, such as MMP-2, MMP-9 
and MMP-13, while exhibiting substantially less 
inhibition at least of MMP-1. By "substantially 
less" it is meant that a contemplated compound 
5 exhibits an IC50 value ratio against one or more of 
MMP-2, MMP-9 or MMP-13 as compared to its IC 50 value 
against MMP-1, e.g., IC 50 MMP-2 :IC 50 MMP-1, that is 
less than about 1:10, preferably less than about 
1:100, and most preferably less than about 1:1000 in 

10 the in vitro inhibition assay utilized hereinafter. 
The invention also contemplates particular compounds 
that selectively inhibit the activity of one or more 
of MMP-2, MMP-9 and MMP-13, while exhibiting 
substantially less inhibition at least of MMP-1, as 

15 well as a composition containing such a MMP inhibitor 
as active ingredient. The invention further 
contemplates intermediates in the preparation of a 
contemplated aromatic sulfone hydroxamic acid 
molecule and a process for preparing an aromatic 

20 sulfone hydroxamic acid molecule. 

Briefly, one embodiment of the present 
invention is directed to a treatment process that 
comprises administering a contemplated aromatic 
sulfone hydroxamic acid metalloprotease inhibitor 

2 5 that selectively inhibits matrix metalloprotease 

activity as above in an effective amount to a host 
mammal having a condition associated with 
pathological metalloprotease activity. The 
administered enzyme inhibitor corresponds in 

30 structure to formula (I), below, or a 

pharmaceutically acceptable salt thereof: 
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5 R 1 and R 2 are both hydrido or R 1 and R 2 together 

with the atoms to which they are bonded form a 5- to 
8-membered ring containing one, two or three 
heteroatoms in the ring that are oxygen, sulfur or 
nitrogen. 

10 R 3 in formula I is an optionally substituted 

aryl or optionally substituted heteroaryl radical. 
When R 3 is a substituted aryl or heteroaryl radical, 
a contemplated substituent is selected from the group 
consisting of an aryl, heteroaryl, aralkyl, 

15 heteroaralkyl , aryloxy, arylthio, aralkoxy, 
heteroaralkoxy, aralkoxyalkyl , aryloxyalkyl , 
aralkanoylalkyl , arylcarbonylalkyl , aralkylaryl , 
aryloxyalkylaryl, aralkoxyaryl , arylazoaryl, 
arylhydrazinoaryl, alkylthioaryl , arylthioalkyl , 

20 alkylthioaralkyl, aralkylthioalkyl , an 

aralkylthioaryl radical, the sulfoxide or sulfone of 
any of the thio substituents , and a fused ring 
structure comprising two or more 5- or 6-membered 
rings selected from the group consisting of aryl, 

25 heteroaryl, carbocyclic and heterocyclic. 

The substituent bonded to the aryl or heteroaryl 

radical of which the R 3 radical is comprised itself 
can be substituted with one or more substituents ; 
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i.e., the substituting substituent is optionally 
substituted. When that aryl or heteroaryl radical is 
substituted, and the substituting moiety (group, 
substituent, or radical) is itself substituted, the 
last-named substituent is independently selected from 
the group consisting of a cyano, perf luoroalkyl , 
trifluoromethoxy, trif luoromethylthio, haloalkyl, 
trif luoromethylalkyl , aralkoxycarbonyl , 
aryloxycarbonyl , hydroxy, halo, alkyl, alkoxy, nitro, 
thiol, hydroxycarbonyl , aryloxy, arylthio, aralkyl, 
aryl , arylcarbonylamino, heteroaryloxy, 
heteroarylthio, heteroaralkyl, cycloalkyl, 
heterocyclooxy, heterocyclothio, heterocycloamino, 
cycloalkyloxy, cycloalkyl thio, heteroaralkoxy, 
heteroaralkylthio, aralkoxy, aralkylthio, 
aralkylamino, heterocyclo, heteroaryl, arylazo, 
hy droxy ca rbony 1 a 1 koxy , a 1 koxyc arbony 1 a 1 koxy , 
alkanoyl, arylcarbonyl , aralkanoyl, alkanoyloxy, 
aralkanoyloxy , hydroxyalkyl , hydroxyalkoxy, 
alkyl thio, alkoxyalkylthio , a 1 koxyc a rbony 1 , 
aryloxyalkoxyaryl , arylthioalkylthioaryl , 
aryloxyalkylthioaryl , arylthioalkoxyaryl , 
hydroxycarbonyl alkoxy , hy droxy ca rbony lalkyl thio , 
alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 
wherein the amino nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, 
aralkyl , cycloalkyl , aralkoxycarbonyl , 
alkoxycarbonyl , arylcarbonyl , aralkanoyl , 
heteroarylcarbonyl, heteroaralkanoyl and an 
alkanoyl group, or (iii) wherein the amino 
nitrogen and two substituents attached thereto 
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form a 5- to 8-membered heterocyclo or 
heteroaryl ring containing zero to two 
additional heteroatoms that are nitrogen, oxygen 
or sulfur and which ring itself is (a) 
5 unsubstituted or (b) substituted with one or two 

groups independently selected from the group 
consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl , cycloalkyl , heterocycloalkyl , 

10 alkoxycarbonyl , hydroxyalkyl, trif luoromethyl , 

benzofused heterocycloalkyl, hydroxyalkoxyalkyl, 
aralkoxycarbonyl , hydroxycarbonyl , 
aryloxycarbonyl , benzofused heterocycloalkoxy, 
benzofused cycloalkylcarbonyl , heterocyclo- 

15 alkylcarbonyl, and a cycloalkylcarbonyl group, 

carbonylamino 

wherein the carbonylamino nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of 
an amino acid, or (iii) substituted with one or 

2 0 two radicals selected from the group consisting 

of an alkyl, hydroxyalkyl , hydroxyheteroaralkyl , 
cycloalkyl, aralkyl, trif luoromethylalkyl , 
heterocycloalkyl, benzofused heterocycloalkyl, 
benzofused heterocycloalkyl, benzofused 
25 cycloalkyl, and an N, N-dialkylsubstituted 

alkylamino- alkyl group, or (iv) the carboxamido 
nitrogen and two substituents bonded thereto 
together form a 5- to 8-membered heterocyclo, 
heteroaryl or benzofused heterocycloalkyl ring 

3 0 that is itself unsubstituted or substituted with 

one or two radicals independently selected from 
the group consisting of an alkyl, 
alkoxycarbonyl , nitro, heterocycloalkyl , 
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hydroxy , hydroxycarbonyl , aryl , aralkyl , 
heteroaralkyl and an amino group, 
wherein the amino nitrogen is 
(i) unsubstituted, or (ii) substituted with 
5 one or two substituents that are 

independently selected from the group 
consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
10 8-membered heterocyclo or heteroaryl ring, 

and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
independently selected from the group consisting of 
15 an alkyl, aryl, aralkyl, cycloalkyl, 

aralkoxycarbonyl, alkoxycarbonyl , and an alkanoyl 
group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring. 

2 0 In preferred practice, R 1 and R 2 together 

with the atoms to which they are bonded form a 
6-membered ring. 

An R 3 radical preferably has a length that 
is greater than that of a pentyl group [a -(CH 2 ) 4 CH 3 

25 chain] and more preferably greater than about that of 
a hexyl group [a -(CH 2 ) 5 CH 3 chain] . An R 3 radical 
preferably has a length that is less than that of an 
icosyl group [a -(CH 2 ) 19 CH 3 chain], and more 
preferably a length that is less than that of a 

30 stearyl group [a -(CH 2 ) 17 CH 3 chain). A preferred R 3 
group contains two or more 5- or 6-membered rings. A 
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contemplated R 3 group, when rotated about an axis 
drawn through the S0 2 -bonded 1 -position and the 
substituent -bonded 4-position of a 6-membered ring or 
the SO2 -bonded 1 -position and substituent -bonded 3- 
5 or 4-position of a 5-membered ring, defines a three- 
dimensional volume whose widest dimension has the 
width in a direction transverse to that axis to 
rotation of about one furanyl ring to about two 
phenyl rings. 

10 It is also preferred that a R 3 radical be a 

single-ringed aryl or heteroaryl group that is 5- or 
6-membered, and is itself substituted at its own 4- 
position when a 6-membered ring or at its own 3- or 

4- position when a 5-membered ring with an optionally 
15 substituted substituent selected from the group 

consisting of one other single-ringed aryl or 
heteroaryl group, a C 3 -C 14 alkyl group, a N-piperidyl 
group, a N-piperazyl group, a phenoxy group, a 
thiophenoxy group, a 4-thiopyridyl group, a phenylazo 
20 group and a benzamido group. The substituent of the 

5- or 6-membered aryl or heteroaryl group can itself 
be substituted as discussed before. 

A preferred compound for use in a contemplated 
process has a structure that corresponds to formula 
25 II, below, or a pharmaceutical^ acceptable salt 
thereof : 
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(CH 2 ) n -Z^ 

x y n 
\ / 

V- (CH 2 ) P 



SO 



2 



wherein 

R 14 is hydrido, a pharmaceutical^ 
5 acceptable cation or C(W)R 15 where W is 0 or S and 
R 15 is selected from the group consisting of an C x - 
C 6 -alkyl, aryl, C 1 -C 6 -alkoxy, heteroaryl-C 1 -C 6 -alkyl, 
Cs-Cs-cycloaXkyl-Ci-Cg-alkyl, aryloxy, ar-C^-Cg- 
alkoxy, ar-C^-Cg- alkyl, heteroaryl and amino C^-Cg- 
10 alkyl group wherein the aminoalkyl nitrogen is (i) 
unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an C-L-Cg-alkyI, aryl, ar-C^-Cg -alkyl , 

C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, ar-C 1 -Cg- 

15 alkoxycarbonyl , C-L-Cg-alkoxycarbonyl , and C^-Cg- 

alkanoyl radical, or (iii) wherein the amino C^-Cg- 

alkyl nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or heteroaryl 
, ring; 

20 m is zero, 1 or 2; 

n is zero, 1 or 2 ; 
p is zero, 1 or 2 ; 

the sum ofm+n+p=l, 2, 3 or 4 ; 
(a) one of X, Y and Z is selected from the 
25 group consisting of C(0), NR 6 , 0, S, S (0) , S (0) 2 and 
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NS(0) 2 R / , and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R 11 , or 

(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

5 of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 

and 0C(0) , with the remaining one of X, Y and Z being 

CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 

10 consisting of 
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10 



X-" \X> X. 



XX S R \ X X x 

i \ \ ■ 



X 



R 6 1 



N N 

and 



wherein wavy lines are bonds to the atoms of the 
depicted ring; 

R 6 and R 6 1 are independently selected from the 
group consisting of hydrido, C^-Cg-alkanoyl, Cg-aryl- 

C 1 -C 6 -alkyl / aroyl, bis (C^^-Cg-alkoxy-C^^-Cg-alkyl) -C^- 

Cg-alkyl, C^-Cg-alkyl, C 1 -Cg-haloalkyl , C^-Cg- 

perf luoroalkyl, C^-Cg-trif luoromethylalkyl , C^-Cg - 

per fluoroalkoxy-C-L-Cg- alky 1, C 1 -C 6 -alkoxy-C 1 -C 6 - 

alkyl, C 3 -Cg-cycloalkyl, C 3 -C 8 -heterocycloalkyl , C 3 - 

Cg-heterocycloalkylcarbonyl, Cg-aryl, C 5 -Cg- 

heterocyclo, C 5 -C 6 -heteroaryl , C 3 -C 8 -cycloalkyl-C 1 - 

Cg-alkyl, Cg-aryloxy-C^-Cg-alkyl, heteroaryloxy-C^^- 

15 Cg-alkyl, heteroaryl-C-L-Cg-alkoxy-C^^-Cg-alkyl , 

heteroarylthio-Ci-Cg-alkyl, Cg-arylsulfonyl , C 1 -Cg- 

alkylsulfonyl, C 5 -Cg-heteroarylsulf onyl , carboxy-C]^- 

Cg-alkyl, C 1 -C 4 -alkoxycarbonyl-C 1 -C 6 -alkyl / 

aminocarbonyl , C 1 -Cg-alkyliminocarbonyl , Cg- 
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aryliminocarbonyl , C 5 -Cg-heterocycloiminocarbonyl , 
C 6 -arylthio-C 1 -C 6 -alkyl / C 1 -Cg-alkylthio-C 1 -Cg-alkyl, 
C 6 -arylthio-C 3 -Cg-alkenyl, C^C^ -alkylthio-C 3 -C 6 - 
alkenyl, C 5 -C 6 -heteroaryl-C 1 -C 6 -alkyl , halo-C 1 -C 6 - 
5 alkanoyl, hydroxy-C 1 -Cg-alkanoyl , thiol-C 1 -Cg- 

alkanoyl , C 3 - Cg - alkenyl , C 3 - Cg - alkynyl , C x - C 4 - alkoxy- 
c l~ c 4 -alkyl , C 1 -C 5 -alkoxycarbonyl , aryloxycarbonyl , 

NR 8 R 9 -C 1 -C 5 -alkylcarbonyl / hydroxy- C^-C^- alkyl , an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
10 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C-L-Cg-alkyl, ar-C^-Cg-alkyl , C 3 -C 8 - 

cycloalkyl and a C 1 -Cg-alkanoyl group, 

hydroxyaminocarbonyl , an aminosulf onyl group wherein 
15 the aminosulf onyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
c l" c 6" alk y 1 ' ar-C 1 -C 6 -alkyl, C 3 -C 8 -cycloalkyl and a 
C^- Cg-alkanoyl group, an amino-C^^-Cg-alkylsulf onyl 
20 group wherein the amino-C-L-Cg-alkylsulf onyl nitrogen 

is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C^-Cg-alky!, C 3 -C 8 - 

cycloalkyl and a C-j^-Cg-alkanoyl group and an amino- 

25 Ci~Cg- alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C-L-Cg-alkyl, C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group; 
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R is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C^-Cg- 

alkyl, C 3 -C 6 -alkynyl, C 3 -Cg-alkenyl, C^-Cg- 

carboxyalkyl and a C^-Cg -hydroxy alkyl group; 

5 R 8 and R 9 and R 10 and R 11 are independently 

selected from the group consisting of a hydrido, 
hydroxy, C^-Cg-alkyl, aryl, ar-Cj^-Cg-alkyl , 

heteroaryl, heteroar-C-L -Cg -alkyl , C 2 -C 6 -alkynyl , C 2 - 

Cg-alkenyl, thiol -C^-Cg -alkyl, C-L-Cg-alkylthio-C^Cg- 

10 alkyl cycloalkyl, cycloalkyl-Cj^-Cg-alkyl, 

heterocycloalkyl - C x -Cg - alkyl , C x - C 6 - alkoxy- C x - Cg - 
alkyl, aralkoxy-C-L-Cg-alkyl, C ± -Cg-alkoxy-C-L-Cg- 
alkoxy-C-L-Cg-alkyl, hydroxy-C^^-Cg-alkyl, 
hydroxycarbonyl -C 1 -C g -alkyl , hydroxycarbonylar-C-L -Cg - 

15 alkyl, aminocarbonyl-Cj^-Cg-alkyl , aryloxy-Cj^-Cg- 
alkyl, heteroaryloxy-C^^-Cg -alkyl, arylthio-C^^-Cg- 
alkyl, heteroarylthio-Cj^-Cg -alkyl, the sulfoxide or 
sulfone of any said thio substituents , perf luoro-C^^- 
C 6 -alkyl, trifluoromethyl-Ci-Cg-alkyl, halo-C^Cg- 

20 alkyl, alkoxycarbonylamino-C-L -Cg -alkyl and an amino- 
c l" c 6" alk y 1 9roup wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^Cg-alky!, ar-C-L-Cg-alkyl, cycloalkyl 

25 and C 1 -Cg-alkanoyl , or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 
or R 8 and R 10 together with the atoms to which they 
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are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 
sulfur, with the proviso that only one of R 8 and R 9 
5 or R 10 and R 11 is hydroxy; 

R 12 and R 12 ' are independently selected from the 
group consisting of a hydrido, C^-Cg-allcyl , aryl, ar- 
Cl-Cg-alkyl, heteroaryl, heteroaralkyl , C 2 -Cg- 
alkynyl, C 2 -Cg-alkenyl , thiol-Ci-Cg-alkyl , 

10 cycloalkyl, cycloalkyl -C^ - Cg - alkyl , heterocycloalkyl- 
C-L-Cg-alkyl, C^^-Cg-alkoxy-Ci-Cg-alkyl , aryloxy-C-L-Cg- 
alkyl, amino-Ci-Cg-alkyl, Cj^-Cg-alkoxy-^-Cg-alkoxy- 
c l" c 6" alk y 1 ' hydroxy- C^-Cg-alkyl, hydroxy carbonyl-C-L- 
Cg-alkyl , hydroxycarbonylar-C-L -Cg-alkyl , 

15 aminocarbonyl-C-L-Cg-alkyl, aryloxy-C-L-Cg-alkyl , 
heteroaryloxy-C-L-Cg-alkyl, ^-Cg-alkylthio-C-L-Cg- 
alkyl, arylthio-C-L-Cg-alkyl, heteroarylthio-C-L-Cg- 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-Cj^-Cg-alkyl, trif luoromethyl- 

20 C 1 -C 6 -alkyl, halo-C^-Cg-alkyl, alkoxycarbonylamino- 
c l~ c 6" alkvl and an amino -C^-Cg- alky 1 group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C^-Cg-alky-l, 

25 ar-C 1 -C 6 -alkyl, cycloalkyl and C^^-Cg-alkanoyl ; 

R 13 is selected from the group consisting of a 
hydrido, benzyl, phenyl, Cj^-Cg-alkyl, C 2 -Cg-alkynyl , 

c 2" c 6" alken Y' 1 and a Ci-Cg-hydroxyalkyl group; and 
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G-A-R-E-Y is a substituent that preferably has a 
length greater than that of a pentyl group, and more 
preferably has a length greater than that of a hexyl 
group. The substituent G-A-R-E-Y preferably has a 
5 length that is less than that of an icosyl group, and 
is more preferably less than that of a stearyl group. 
In this substituent: 

G is an aryl or heteroaryl group; 
A is selected from the group consisting of 
10 (1) -0-; 

(2) -S-; 

(3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 )-CO-, wherein R 17 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

15 (5) -CO-O- or -0-CO-; 

(6) -0-CO-0-; 

(7) -HC=CH-; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

20 (10) -NH-CO-O- or -O-CO-NH- ; 

(11) -N=N- ; 

(12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C-^-C^ -alkyl, or 

25 phenyl; or 

(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl, aryl, heteroaryl, 
30 cycloalkyl, heterocycloalkyl , aralkyl , heteroaralkyl , 
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heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl, heteroaryloxyalkyl , arylthioalkyl , 
heteroaryl thioalkyl, cycloalkylthioalkyl , and a 
5 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 
10 perfluoroalkoxy, perf luoroalkylthio, 

trifluoromethylalkyl, amino, alkoxycarbonylalkyl , 
alkoxy, C 1 -C 2 -alkylene-dioxy , hydroxycarbonylalkyl , 

hydroxycarbonylalkylamino, nitro, hydroxy, 
hydroxyalkyl, alkanoyl amino, and a alkoxycarbonyl 
15 group, and R is other than alkyl or alkoxyalkyl when 
A is -0- or -S-; 

E is selected from the group consisting of 

(1) -C0(R 19 )- or -(R 19 )C0-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 

2 0 group ; 

(2) -CONH- or -HNC0-; and 

(3) -CO-; 

(4) -S0 2 -R 19 - or -R 19 -S0 2 -; 

(5) -S0 2 -; 

25 (6) -NH-S0 2 - or -S0 2 -NH- / or 

(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 
30 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
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aryloxy, aralkoxy, heteroaryloxy, heteroaralkyl, 
perfluoroalkoxy, perf luoroalkylthio, 
trifluoromethylalkyl, alkenyl, heterocycloalkyl, 
cycloalkyl, trif luoromethyl , alkoxycarbonyl , and a 
5 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

10 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 

A particularly preferred compound for use 

15 in a contemplated process corresponds in structure to 
formula III, below, or a pharmaceutical ly acceptable 
salt thereof: 



20 



R 14 0— 



(CH 2 ) n -Z^ 

X Y 
\ ' 

SO^ 



(CH 2 ) p 



in 



wherein 

m, n, p, X, Z, Y and R 14 are as defined above 
for formula II, and the R 3 radical that is defined 
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below is a sub-set of the previously discussed G-A-R- 
E-Y substituents . 

Thus, R 3 is a radical that is comprised of a 
single-ringed aryl or heteroaryl group that is 5- or 
5 6-membered, and is itself substituted at its own 4- 
position when a 6-membered ring and at its own 3- or 
4 -position when a 5-membered ring with a substituent 
selected from the group consisting of a thiophenoxy, 
4 -chlorophenoxy , 3 -chlorophenoxy , 4 -methoxyphenoxy , 

10 3-benzodioxol-5-yloxy, 3 , 4 -dimethyl phenoxy, 4- 
fluorophenoxy, 4 -f luorothiophenoxy, phenoxy, 4- 
trif 1 uoromet ho xy- phenoxy, 4-trif luoromethylphenoxy, 
4- (trif luoromethylthio) -phenoxy, 4- 
(trif luoromethylthio) -thiophenoxy, 4-chloro-3- 

15 f luorophenoxy, 4 -isopropoxyphenoxy, 4- 

isopropylphenoxy , ( 2 -methyl -1,3 -benzothiazol - 5 - 
yl)oxy, 4- (lH-imidazol-l-yl) phenoxy, 4-chloro-3- 
methylphenoxy , 3 -methyl phenoxy, 4 -ethoxyphenoxy , 3,4- 
dif luorophenoxy , 4 -chloro- 3 -methylphenoxy , 4 - f luoro- 

2 0 3 -chlorophenoxy , 4 - ( 1H- 1 , 2 , 4 - triazol - 1 -yl ) phenoxy , 
3 , 5 -dif luorophenoxy, 3 , 4 - di chlorophenoxy , 4 - 
cyclopentylphenoxy, 4 -bromo- 3 -methylphenoxy, 4- .* 
bromophenoxy , 4 - methyl thiophenoxy , 4 -phenylphenoxy , 
4 -benzy lphenoxy , 6 - quinol iny loxy , 4 - amino - 3 - 

25 methylphenoxy, 3 -methoxyphenoxy, 5, 6, 7 , 8-tetrahydro- 
2-naphthalenyloxy, 3 -hydroxymethy lphenoxy, N- 
piperidyl, N-piperazinyl and a 4 -benzyl oxyphenoxy 
group . 

A more particularly preferred compound for use 
30 in a contemplated process has a structure that 
corresponds to formula IV, below, or a 
pharmaceutical ly acceptable salt thereof: 
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o 

rv 



wherein R 3 is as defined above for formula I, 
5 more preferably as defined for formula II (wherein 

this R 3 group is the G-A-R-E-Y substituent) , and more 
preferably still as defined for formula III, and 

Z is selected group the group consisting of 0, 
S, NR 6 , SO, S0 2 , and NS0 2 R 7 , 

10 wherein R 6 is selected from the group consisting 

of hydrido, C^Cs-allcyl, C 1 -C 5 -alkanoyl, benzyl, 

benzoyl, C 3 -C 5 -alkynyl, C 3 -C 5 -alkenyl , Cj^-03-alkoxy- 
C 1 -C 4 -alkyl, C 3 -Cg-cycloalkyl , heteroaryl-Cj^-Cg- 
alkyl, C-L-Cs-hydroxyalkyl, C^-Cg-carboxyalkyl , C^-C^- 
15 alkoxy C^^-Cs -alkylcarbonyl , and NR 8 R 9 -C 1 -C 5 - 

alkylcarbonyl or NR 8 R 9 -C 1 -C 5 -alkyl wherein R 8 and R 9 
are independently hydrido, C-L-Cg-alkyl, C^-Cg- 

alkoxycarbonyl or aryl-C 1 -C 5 -alkoxycarbonyl, or NR 8 R 9 

together form a heterocyclic ring containing 5- to 8- 
20 atoms in the ring; and 

R is selected from the group consisting of an 
arylalkyl, aryl, heteroaryl, heterocyclo, C^-Cg- 
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alkyl, C 3 -C 6 -alkynyl / C 3 -C 6 -alkenyl , C 1 -Cg- 
carboxyalkyl and a Cj^-Cg-hydroxyalkyl group. 

A still more preferred group of compounds for 
use in a contemplated process correspond in structure 
5 to formula V, below, or a pharmaceutical^ acceptable 
salt thereof: 




V CF 3 



10 wherein 

Z is as previously defined in formula IV; 
W and Q are independently oxygen (O) , NR 6 or 
sulfur (S) , and is as defined in formula IV; and 
q is zero or one such that when q is zero, the 
15 trif luoromethyl group is bonded directly to the 
depicted phenyl ring. 

The use of a compound of formulas I-V, or a 
pharmaceutical ly acceptable salt of one of those 
compounds is contemplated in a before-described 
20 process. In addition, the compounds of formulas II, 
III, IV and V, and their pharmaceutical ly acceptable 
salts are contemplated compounds of this invention. 

The present invention also contemplates a 
precursor or intermediate compound that is useful in 
25 preparing a compound of formulas I-V. Such an 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-27- 



intermediate compound corresponds in structure to 
formula VI, below: 



(CH 2 ) n -Z^ 

X Y 

\ ' 
>20 (CH 2 )^ CH 2)p 




S(OV 



'g 



VI 



10 



15 



wherein m, n, p, X, Z and Y are as defined 

above for formula II, g is zero, 1 or 2 and R 24 is R 3 
as defined in formulas I, III or IV, is the 
substituent G-A-R-E-Y of formula II (formula VIA) or 

is R 3 ' , an aryl or heteroaryl group that is 
substituted with a coupling substituent reactive for 
coupling with another moiety (formula VIB) , such as a 
nucleophilically displaceable leaving group, D. 
(CH 2 ) n -Z 




(CH 2 ) n -Z N 

X Y 

\ 1 
a20 (CH 2 ) n V" 2) > 



S(0)J 



53" 



VIA 



VIB 



Exemplary nucleophilically displaceable 
leaving groups, D, include a halo (fluoro, chloro, 
bromo, or idodo) nitro, azido, phenyl sulfoxide 
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aryloxy, C 1 -C 6 -alkoxy, a C-L-Cg-alkylsulfonate or 
arylsulfonate group and a trisubstituted ammonium 
group in which the three substituents are 
independently aryl, ar- ^-Cg-alkyl or C-L-Cg-alkyl. 

5 R 20 is (a) -0-R 21 , where R 21 is selected 

from the group consisting of a hydrido, C 1 -C 6 -alkyl, 
aryl, ar-C^^-Cg-alkyl group and a pharmaceutically 

acceptable cation, or (b) -NH-O-R 22 wherein R 22 is a 
selectively removable protecting group such as a 2- 
10 tetrahydropyranyl, C-L-Cg-acyl, aroyl, benzyl, p- 

methoxybenzyloxycarbonyl (MOZ) , benzyl oxycarbonyl , 
Ci-Cg-alkoxycarbonyl, C^^-Cg-alkoxy-^- , C^-Cg- 

alkoxy-C 1 -Cg-alkoxy-CH 2 -, trisubstituted silyl group 
or o-nitrophenyl group, peptide synthesis resin and 
15 the like. Trisubstituted silyl group is substituted 
with Ci-Cg-alkyl, aryl, or ar-Cx-Cg-alkyl . 

A particularly preferred precursor 
intermediate to an intermediate compound of formula 
VI is an intermediate compound of formula VII 



(CH 2 ) n -Z 




O 

VII 



wherein m, n, p, g, X, Z, Y, D and R 20 are as 
defined above for formula VI. 
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Among the several benefits and advantages 
of the present invention are the provision of 
compounds and compositions effective as inhibitors of 
matrix metalloproteinase activity, the provision of 
5 such compounds and compositions that are effective 
for the inhibition of metalloproteinases implicated 
in diseases and disorders involving uncontrolled 
breakdown of connective tissue. 

More particularly, a benefit of this 

10 invention is the provision of a compound and 

composition effective for selectively inhibiting 
certain metalloproteinases, such as one or more of 
MMP-2, MMP-9 and MMP-13, associated with pathological 
conditions such as, for example, rheumatoid 

15 arthritis, osteoarthritis, septic arthritis, corneal, 
epidermal or gastric ulceration, tumor metastasis, 
invasion or angiogenesis, periodontal disease, 
proteinuria, Alzheimer's Disease, coronary thrombosis 
and bone disease. 

20 An advantage of the invention is the 

provision of compounds, compositions and methods 
effective for treating such pathological conditions 
by selective inhibition of a metalloproteinase such 
as MMP-2, MMP-9 or MMP-13 associated with such 

25 conditions with minimal side effects resulting from 
inhibition of other metalloproteinases, such as MMP- 
1, whose activity is necessary or desirable for 
normal body function. 

Yet another advantage of the invention is 

30 the provision of a process for preparing such 
compounds . 

Another benefit is the provision of a 
method for treating a pathological condition 
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associated with abnormal matrix metalloproteinase 
activity. 

A further advantage of the invention is the 
provision of a process for preparing such 
5 compositions. 

Still further benefits and advantages of 
the invention will be apparent to the skilled worker 
from the disclosure that follows. 

10 Detaile d Description of the Invention 

In accordance with the present invention, it has 
been discovered that certain aromatic sulfone 
hydroxamic acids (hydroxamates) are effective for 
inhibition of matrix metalloproteinases ("MMPs") 

15 believed to be associated with uncontrolled or 
otherwise pathological breakdown of connective 
tissue. In particular, it has been found that these 
certain aromatic sulfone hydroxamates are effective 
for inhibition of one or more enzymes such as MMP-2, 

20 MMP-9 and MMP-13, which can be particularly 

destructive to tissue if present or generated in 
abnormal quantities or concentrations, and thus 
exhibit a pathological activity. Included in that 
pathological activity is the assistance of tumors and 

25 tumor cells in the process of penetrating basement 
membrane, and developing a new or improved blood 
supply; i.e., angiogenesis . 

Moreover, it has been discovered that these 
aromatic sulfone hydroxamates are selective in the 

30 inhibition of one or more of MMP-2, MMP-9 and MMP-13 
without excessive inhibition of other collagenases 
essential to normal bodily function such as tissue 
turnover, and repair. More particularly, it has been 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



found that a contemplated aromatic sulfone 
hydroxamate of the invention, or a pharmaceutical]^ 
acceptable salt thereof, is particularly active in 
inhibiting of one or more of MMP-2, MMP-9 and MMP-13 
5 in an in vitro assay that is predictive of in vivo 
activity. In addition, while being selective for one 
or more of MMP-2, MMP-9 and MMP-13, a contemplated 
aromatic sulfone hydroxamate, or its salt, has a 
limited or minimal in vitro inhibitory effect on MMP- 
10 1. 

There is thus a substantial difference in the 
activity of a compound used in a contemplated process 
toward one or more of MMP-2, MMP-9 and MMP-13 and 
MMP-1. This substantial difference is assayed using 

15 the in vitro inhibition assay discussed in the 
examples. A substantial difference in activity 
corresponds to a compound exhibiting an IC50 value 
against one or more of MMP-2, MMP-9 and MMP-13 that 
is about 0.1 times that of the compound against MMP- 

20 1, and more preferably 0.01 times that against MMP-1 
and most preferably 0.001 times that against MMP-1, 
or more. Indeed, some compounds exhibit selectivity 
differences measured by IC 50 values that exceed the 
bounds of the assay at the number 100,000-fold. 

25 These selectivities are illustrated in the Inhibition 
Tables hereinafter. 

Put differently, a contemplated compound can 
inhibit the activity of MMP-2 compared to MMP-9 or 
MMP-13 and MMP-1. Similarly, a contemplated compound 

30 can inhibit the activity of MMP-13 and MMP-2, while 
exhibiting less inhibition against MMP-1 and MMP-9. 
In addition, a contemplated compound can inhibit the 
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activity of a MMP enzyme, while having less of an 
effect on tumor necrosis factor release. 

The advantages of the selectivity of a 
contemplated compound can be appreciated, without 
5 wishing to be bound by theory, by considering the 
therapeutic uses the compounds. For example, 
inhibition of MMP-1 is suggested to be undesirable 
due to its role as a housekeeping enzyme, helping to 
maintain normal connective tissue turnover and 

10 repair. Inhibition of MMP-1 can lead to toxicities 
or side effects such as such as joint or connective 
tissue deterioration and pain. On the other hand, 
MMP- 13 has been suggested to be intimately involved 
in the destruction of joint components in diseases 

15 such as osteoarthritis. Thus, potent and selective 
inhibition of MMP- 13 compared with inhibition MMP-1 
is highly desirable because a MMP- 13 inhibitor can 
have a positive effect on disease progression in a 
patient in addition to having an anti-inflammatory 

20 effect. 

Inhibition of MMP-2 and MMP-9 can be desirable 
for inhibition of tumor growth, metastasis, invasion 
and/or angiogenesis . A profile of selective 
inhibition of MMP-2 and MMP-9 relative to MMP-1 can 

25 provide a therapeutic advantage. 

Yet another advantage of a contemplated compound 
is the selectivity with respect to tumor necrosis 
factor release and/or tumor necrosis factor receptor 
release that provides the physician with another 

30 factor to help select the best drug for a particular 
patient. While not wishing to be bound by theory, it 
is believed that there are several factors to this 
type of selectivity to be considered. 
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The first is that presence of tumor necrosis 
factor can be desirable for the control of cancer in 
the organism, so long as TNF is not present in a 
toxic excess. Thus, uncontrolled inhibition of 
5 release of TNF can be counterproductive and actually 
can be considered an adverse side effect even in 
cancer patients. In addition, selectivity with 
respect to inhibition of the release of the tumor 
necrosis factor receptor can also be desirable. The 

10 presence of that receptor can be desirable for 

maintaining a controlled tumor necrosis level in the 
mammal by binding excess TNF. 

A contemplated selective MMP inhibitor compound 
useful in a contemplated process can be administered 

15 to by various routes and provide adequate therapeutic 
blood levels of enzymatically active inhibitor. A 
compound can be administered, for example, by the 
oral (IG, PO) or intravenous (IV) routes. Oral 
administration is advantageous if the patient is 

20 ambulatory, not hospitalized, physically able and 

sufficiently responsible to take drug at the required 
intervals. This is true even if the person is being 
treated with more than one drug for one or more 
diseases. On the other hand, IV drug administration 

2 5 is an advantage in a hospital setting wherein the 

dose and thus the blood levels can well controlled. 
A contemplated inhibitor can also be formulated for 
IM administration if desired. This route of 
administration can be desirable for the 

3 0 administration of prodrugs or regular drug delivery 

to patients that are either physically weak or have a 
poor compliance record or require constant drug blood 
levels . 
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10 



15 



20 



Thus, in one embodiment, the present invention 



administering a contemplated aromatic sulfone 
hydroxamic acid metal lopro tease inhibitor, or a 
pharmaceutically acceptable salt thereof, in an 
effective amount to a host mammal having a condition 
associated with pathological matrix metalloprotease 
activity. A contemplated aromatic sulfone 
hydroxamate inhibitor compound useful in such a 
process inhibits the activity of one or more of MMP- 
2, MMP-9 and MMP-13, and exhibits substantially less 
inhibitory activity against at least MMP-1 in the in 
vitro assay noted above and discussed in detail 
here inbe low. An aromatic sulfone hydroxamate 
inhibitor compound for use in a contemplated process 
corresponds in structure to formula I, below: 



wherein 

In one embodiment, R 1 and R 2 are both hydrido. 

In another embodiment, R 1 and R 2 together with the 
atoms to which they are bonded form a 5- to 
8-membered ring containing one, two or three 
heteroatoms in the ring that are oxygen, sulfur or 
nitrogen. 

It is preferred that R 1 and R 2 together with the 
atoms to which they are bonded form a five- to eight - 



is directed to a treatment process that comprises 
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membered ring that contains one or two heteroatoms in 
the ring, although R 1 and R 2 together with the atoms 
to which they are bonded form a 5- to 8 -membered ring 
containing one, two or three heteroatoms. The 
5 heterocyclic ring can itself also be substituted with 
up to six Ci-C 6 -alkyl groups or groups that comprise 
a another 5- to 8-membered carbocyclic or 
heterocyclic ring, an amino group, or contain one or 
two oxo (carbonyl) groups. 

10 R 3 in formula I is an optionally substituted 

aryl or optionally substituted heteroaryl radical. 
That R3 radical is selected from the group consisting 
of an aryl, heteroaryl, aralkyl, heteroaralkyl , 
aralkoxy , heteroaralkoxy , aralkoxyalkyl , 

15 aryloxyalkyl, aralkanoylalkyl, arylcarbonylalkyl , 
aralkylaryl, aryloxyalkylaryl , aralkoxyaryl , 
arylazoaryl, arylhydrazinoaryl , alkylthioaryl , 
arylthioalkyl, alkylthioaralkyl , aralkyl thioalkyl , an 
aralkylthioaryl radical, the sulfoxide or sulfone of 

20 any of the thio substituents , and a fused ring 

structure comprising two or more 5- or 6 -membered 
rings selected from the group consisting of aryl, 
heteroaryl, carbocyclic and heterocyclic. 

The substituent of which R 3 is comprised itself 
25 is unsubstituted or substituted with one or more 

substituents independently selected from the group 
consisting of a cyano, perf luoroalkyl , 
trifluoromethylalkyl, hydroxy, halo, alkyl, alkoxy, 
nitro, thiol, hydroxycarbonyl , aryloxy, arylthio, 
30 aralkyl, aryl, heteroaryloxy, heteroaryl thio, 
heteroaralkyl , cycloalkyl , heterocyclooxy , 
heterocyclothio, heterocycloamino, cycloalkyloxy , 
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cycloalkylthio, heteroaralkoxy , heteroaralkylthio, 
aralkoxy, aralkylthio, aralkylamino, heterocyclo, 
heteroaryl , arylazo, hydroxycarbonylalkoxy , 
alkoxycarbonylalkoxy, alkanoyl, arylcarbonyl , 
5 aralkanoyl, alkanoyloxy, aralkanoyloxy , hydroxyalkyl , 
hydroxyalkoxy, alkylthio, alkoxyalkylthio, 
alkoxycarbonyl , aryloxyalkoxyaryl , 
arylthioalkylthioaryl , aryloxyalkylthioaryl , 
arylthioalkoxyaryl , hydroxycarbonylalkoxy, 
10 hydroxycarbonylalkylthio, alkoxycarbonylalkoxy, 
alkoxycarbonylalkylthio, amino, 

wherein the amino nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
that are independently selected from the group 
15 consisting of an alkyl, aryl, heteroaryl, 

aralkyl , cycloalkyl , aralkoxycarbonyl , 
alkoxycarbonyl , arylcarbonyl , aralkanoyl , 
heteroarylcarbonyl, heteroaralkanoyl and an 
alkanoyl group, or (iii) wherein the amino 
2 0 nitrogen and two substituents attached thereto 

form a 5- to 8-membered heterocyclo or 
heteroaryl ring containing zero to two 
additional heteroatoms that are nitrogen, oxygen 
or sulfur and which ring itself is (a) 
25 unsubstituted or (b) substituted with one or two 

groups independently selected from the group 
consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl, cycloalkyl, heterocycloalkyl , 
30 alkoxycarbonyl, hydroxyalkyl , trif luoromethyl, 

benzofused heterocycloalkyl, hydroxyalkoxyalkyl , 
aralkoxycarbonyl , hydroxycarbonyl , 
aryloxycarbonyl , benzofused heterocycloalkoxy, 
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benzofused cycloalkylcarbonyl, heterocyclo- 
alkyl carbonyl , and a cycloalkylcarbonyl group, 
carbonylamino 

wherein the carboxamido nitrogen is (i) 
5 unsubstituted, or (ii) is the reacted amine of 

an amino acid, or (iii) substituted with one or 
two radicals selected from the group consisting 
of an alkyl, hydroxyalkyl , hydroxyheteroaralkyl, 
cycloalkyl , aralkyl , trif luoromethylalkyl , 
10 heterocycloalkyl, benzofused heterocycloalkyl, 

benzofused heterocycloalkyl, benzofused 
cycloalkyl, and an N,N-dialkylsubstituted 
alkylamino-alkyl group, or (iv) the carboxamido 
nitrogen and two substituents bonded thereto 
15 together form a 5- to 8-membered heterocyclo, 

heteroaryl or benzofused heterocycloalkyl ring 
that is itself unsubstituted or substituted with 
one or two radicals independently selected from 
the group consisting of an alkyl, 
20 alkoxycarbonyl, nitro, heterocycloalkyl, 

hydroxy, hydroxycarbonyl , aryl, aralkyl, 
heteroaralkyl and an amino group, 
wherein the amino nitrogen is 
(i) unsubstituted, or (ii) substituted with 
25 one or two substituents that are 

independently selected from the group 
consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
30 8-membered heterocyclo or heteroaryl ring, 

and an aminoalkyl group 
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wherein the aminoalkyl nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
independently selected from the group consisting of 
an alkyl, aryl, aralkyl, cycloalkyl, 
5 aralkoxycarbonyl, alkoxycarbonyl , and an alkanoyl 
group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring. A compound 
of formula I can also be used in the form of a 

10 pharmaceutical ly acceptable salt. 

The R 3 radical has a length that is greater than 
that of a pentyl group [a -(CH 2 ) 4 CH3 chain], and is 
more preferably greater than about the length of a 
hexyl group [a -(CH 2 ) 5 CH 3 chain]. A R 3 group has a 

15 length that is less than that of an icosyl group 

[eicosyl; a -(CH 2 ) 19 CH 3 chain), and more preferably, 
a length that is less than that of a stearyl group [a 
-(CH 2 )i7CH 3 chain). When rotated about an axis drawn 
through the S0 2 - bonded 1 -position and the 

20 substituent- bonded 4 -position of a 6-membered ring or 
the S0 2 -bonded 1 -position and substituent -bonded 3- 

or 4 -position of a 5 -membered ring, a contemplated R 3 
radical defines a three-dimensional volume whose 
widest dimension has the width of about one furanyl 

2 5 ring to about two phenyl rings in a direction 
transverse to that axis to rotation. 

Where the S0 2 -linked R 3 radical is 4- 
phenoxyphenyl for purposes of illustration, a 
contemplated compound can be viewed as a 

30 phenoxyphenylsulfone derivative of the desired 5- to 
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8-membered ring N-hydroxycarboxamide . Exemplary 
compounds can therefore be named: 

N-hydroxy-1 -methyl- [4- (phenoxyphenylsulf onyl) ] - 
4-piperidinecarboxamide, 
5 N-hydroxy- [4- (phenoxyphenylsulf onyl) ] tetrahydro- 

2H-pyran-4 -carboxamide , 

N-hydroxy-1 -methyl- [2 , 6-dioxo-4- 
( phenoxyphenylsulf onyl) ] -4-piperidinecarboxamide, 

N-hydroxy- 2, 2 -dimethyl- [5- (phenoxyphenyl- 
10 sulfonyl) ] -1, 3 -dioxane- 5- carboxamide, 

N-hydroxy-1, 2 -dimethyl- 6 -oxo- [4- (phenoxyphenyl- 
sulf onyl) ] -4-piperidinecarboxamide, 

N-hydroxy-2,2,6,6, tetramethyl- [4- (phenoxyphenyl- 
sulf onyl) ] -4-piperidinecarboxamide, 
15 N-hydroxy-1, 3-dimethyl- [5- (phenoxyphenyl- 

sulf onyl) ] -hexahydro-5-pyrimidinecarboxamide, 

2-amino-N-hydroxy- [5- (phenoxyphenylsulf onyl) ] - 
1,4,5,6 - tetrahydro- 5 -pyrimidinecarboxamide , 

N-hydroxy-1, 1-dioxo- [4- (phenoxyphenylsulf onyl) ] - 
20 1 (A.6) , 2, 6-thiadizinane-4-carboxamide, 

N-hydroxy- 2 -oxo- [5- (phenoxyphenylsulf onyl) ] - 
hexahydro- 5 -pyrimidinecarboxamide , 

N-hydroxy- [2- (phenoxyphenylsulf onyl) ] tetrahydro- 
2 - f urancarboxamide , 
25 N-hydroxy-1 -methyl- [2- (phenoxyphenylsulf onyl) ] - 

2 -pyrrol idinecarboxamide , 

N-hydroxy- 2 -methyl- [4- (phenoxyphenylsulf onyl) ] - 
4-piperidinecarboxamide, 

N-hydroxy- [3- (phenoxyphenylsulf onyl) ] -8- 
3 0 azabicyclo [3,2.1] octane- 3 -carboxamide , 

N-hydroxy-1, 1-dioxo- [4- (phenoxyphenylsulf onyl) ] - 
hexahydro -1 (lambdas) -thiopyran- 4 -carboxamide, 
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N-hydroxy- [3- (phenoxyphenylsulf onyl) ] tetrahydro- 

3 - f urancarboxamide , 

N-hydroxy- [3- (phenoxyphenylsulf onyl) ] -3- 
pyrrolidinecarboxamide , 
5 N-hydroxy-4- [ [4- ( phenyl thio) phenyl] sulfonyl] -1- 

( 2 -propynyl ) - 4 -piper idinecarboxamide , 
monohydrochlor ide , 

N-hydroxy-4- [ [4- (phenylthio) phenyl] sulfonyl] -1- 
(2-propynyl) -4 -piper idinecarboxamide , 
10 monome thane sulfonate , 

tetrahydro-N-hydroxy-4- [ [4- [4- 
[ (trifluoromethyl]phenoxy] phenyl] -sulfonyl] -2H-pyran- 

4 - carboxamide , 

N-hydroxy- 1- (4-pyridinylmethyl) -4- [ [4- [4- 
15 (trifluoromethyl)phenoxy] phenyl] -sulfonyl] -4- 
piperidinecarboxamide , hydrochloride , 

N-hydroxy- 1- (3-pyridinylmethyl) -4- [ [4- [4- 
trifluoromethyl)phenoxy] phenyl] -sulfonyl] -4- 
piperidinecarboxamide , dihydrochloride , 
20 N-hydroxy-1- (2 -pyridinylmethyl) -4- [ [4- [4- 

(trif luoromethyDphenoxy] phenyl] - sulfonyl] -4- 
piperidinecarboxamide , dihydrochloride , 

hydroxy-1- (3-pyridinylmethyl) -4- [ [4- [4- 
(trifluoromethoxy)phenoxy] phenyl] -sulfonyl] -4- 
25 piperidinecarboxamide, dihydrochloride, 

N-hydroxy-l- (2-methoxyethyl) -4- [ [4- [4- 
(trif luoromethoxy ) phenoxy] phenyl] sulfonyl} -4- 
piperidinecarboxamide , monohydrochloride , 

N-hydroxy-l- (2-methoxyethyl) -4- [ [4- [4- 
3 0 (trifluoromethyl) phenoxy] phenyl] sulfonyl } -4- 
piperidinecarboxamide , monohydrochloride , 
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N-hydroxy-1- (2-methoxyethyl) -4- [ [4- [4- 
t (trif luoromethyl) thio] phenoxy] phenyl] sulfonyl] -4- 
piperidinecarboxamide , monohydrochloride , 

l-cyclopropyl-N-hydroxy-4- [ [4- [4- (trifluoro- 
5 methyl) phenoxy] phenyl] sulfonyl] -4-piperidine- 
carboxamide , monohydrochloride, and the like. 

Several exemplary R 1 and R 2 groups that together 
form a contemplated heterocyclic ring are shown in 
the Tables that follow hereinafter, as well as in the 
10 descriptions of those 5- to 8-membered rings and the 
specific Examples, as are several contemplated 
aromatic sulfone hydroxamic acid compounds. 

In more preferred practice, R 1 and R 2 of formula 
I together with the atom to which they are bonded 

15 form a 5- to 8-membered ring that contains one, two 
or three heteroatoms. Most preferably, that ring is 
a 6-membered ring that contains one heteroatom 
located at the 4 -position relative to the position at 
which the S0 2 group is bonded. Other preferred 

2 0 compounds for use in a contemplated process 

correspond in structure to one or more of formulas 
II, III, IV or V, which are discussed hereinafter. 

In one embodiment, a preferred compound used in 
a contemplated process has a structure that 

25 corresponds to formula II, below: 



(CH 2 ) n -Z^ 

/ J . n 

,< 0 - m Wf H2 >> G _ A _ R _ E _, 

so; 
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wherein 

R 14 is hydrido, a pharmaceutical^ 
acceptable cation or C(W)R 15 where W is 0 or S and 
5 R 15 is selected from the group consisting of an C^- 
Cg-alkyl, aryl, C 1 -C 6 -alkoxy / heteroaryl -C^-Cg-alkyl , 
Ca-Cg-cycloalkyl-^-Cg-alkyl, aryloxy, ar-C^-Cg- 
alkoxy, ar-C^-Cg-alkyl, heteroaryl and amino C^-Cg- 
alkyl group wherein the aminoalkyl nitrogen is (i) 
10 unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an C-L-Cg-alkyl, aryl, ar-C 1 -Cg-alkyl , 

C 3 -C 8 -cycloalkyl-C 1 -Cg-alkyl / ar-C^-Cg- 
alkoxycarbonyl, C-L-Cg-alkoxycarbonyl , and C 1 -Cg- 
15 alkanoyl radical, or (iii) wherein the amino C 1 -Cg- 
alkyl nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or heteroaryl 
ring; 

m is zero, 1 or 2; 
20 n is zero, 1 or 2 ; 

p is zero, 1 or 2 ; 

the sum ofm+n+p=l, 2, 3or4; 

(a) one of X, Y and Z is selected from the 
group consisting of C(O), NR 6 , O, S, S (O) , S (O) 2 and 

25 NS(0) 2 R 7 , and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R 11 / or 

(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

Of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 
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and OC(O), with the remaining one of X, Y and Z being 
CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
5 consisting of 




wherein wavy lines are bonds to the atoms of the 
10 depicted ring; 
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R 6 and R 6 ' are independently selected from the 
group consisting of hydrido, Cj^-Cg-alkanoyl, Cg-aryl- 

Ci-Cg-alkyl, aroyl, bis (C^-Cg-alkoxy-C-L-Cg-alkyl) -C x - 

Cg-alkyl, ^-Cg-alkyl, C^-Cg-haloalkyl, C^-Cg- 

5 perfluoroalkyl, Cj^-Cg-trif luoromethylalkyl , C^Cg- 

perfluoroalkoxy-Ci-Cg-alkyl, Cj^-Cg-alkoxy-Cj^-Cg- 

alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl , C 3 - 

C 8 -heterocycloalkylcarbonyl, Cg-aryl, C 5 -Cg- 

heterocyclo, C 5 -C 6 -heteroaryl, C 3 -C 8 -cycloalkyl-C 1 - 

10 Cg-alkyl, Cg-aryloxy-C^^-Cg-alkyl, heteroaryloxy-C-L- 
Cg-alkyl, heteroaryl-C-L-Cg-alkoxy-C-L-Cg-alkyl, 
heteroarylthio-C! -Cg-alkyl, Cg-arylsulf onyl , C^Cg- 
alkylsulfonyl, C 5 -C 6 -heteroarylsulfonyl, carboxy-Ci- 
Cg-alkyl, Cj^-^-alkoxycarbonyl-Ci-Cg-alkyl, 

15 aminocarbonyl , C^Cg-alkyliminocarbonyl , Cg- 
aryl iminoc a rbonyl , C 5 -Cg-heterocycloiminocarbonyl , 
Cg-arylthio-Cj^-Cg-alkyl, C-L-Cg-alkylthio-Cj^-Cg-alkyl , 
C 6 -arylthio-C 3 -Cg-alkenyl, C 1 -C 4 -alkylthio-C 3 -Cg- 
alkenyl, Cs-Cg-heteroaryl-C^Cg-alkyl , halo-C^Cg- 

20 alkanoyl, hydroxy-C-L -C 6 -alkanoyl , thiol-C^Cg- 

alkanoyl, C 3 -C 6 -alkenyl, C 3 -Cg-alkynyl, C 1 -C 4 -alkoxy- 
C 1 -C 4 -alkyl, C 1 -C 5 -alkoxycarbonyl , aryloxycarbonyl , 

NR 8 R 9 -C 1 -C 5 -alkylcarbonyl, hydroxy-Cj^-Cs-alkyl , an 
aminocarbonyl wherein the aminocarbonyl nitrogen is 
25 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of Cj^-Cg-alkyl, ar-C-L-Cg-alkyl, C 3 -C 8 - 
cycloalkyl and a C^Cg-alkanoyl group, 
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hydroxyaminocarbonyl, an aminosulf onyl group wherein 
the aminosulf onyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
5 c l" c 6" alk y 1 ' ar-C-L-Cg-alkyl, C 3 -Cg-cycloalkyl and a 
c l" c 6~ alkan °y 1 9 rou P/ a n amino-C 1 -C 6 -alkylsulf onyl 
group wherein the amino -C^-Cg-alkylsulf onyl nitrogen 

is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
10 consisting of C^-Cg-alkyl, ar-C 1 -C 6 -alkyl , C 3 -C Q - 

cycloalkyl and a C 1 -C 6 -alkanoyl group and an amino- 

C^-Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
15 consisting of C^-Cg-alkyl, ar-C^-Cg-alkyl, C 3 -C Q - 

cycloalkyl and a C 1 -Cg-alkanoyl group; 

R 7 is selected from the group consisting of 
a benzyl, phenyl, C 1 -C 6 -alkyl, C 3 -Cg-alkynyl , C 3 -Cg- 

alkenyl and a C^-Cg -hydroxy a lkyl group; 

20 R 8 and R 9 and R 10 and R 11 are independently 

selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyI, aryl, ar-C^-Cg-alkyl , 

heteroaryl, heteroar-C^^-Cg-alkyl, C 2 -Cg-alkynyl , C 2 - 

Cg-alkenyl, thiol-C 1 -Cg-alkyl / C^^-Cg-alkylthio-C^^-Cg- 

25 alkyl cycloalkyl, cycloalkyl-C^^-Cg-alkyl f 

heterocycloalkyl-C 1 -Cg-alkyl, C^^-Cg-alkoxy-Cj^-Cg- 

alkyl, aralkoxy-C^^-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 

alkoxy-C^^-Cg-alkyl, hydroxy-C 1 -Cg-alkyl , 

hydroxycarbonyl-C 1 -Cg-alkyl / hydroxycarbonylar-C 1 -C 6 - 
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alkyl, aminocarbonyl-C^-Cg-alkYl, aryloxy-C-L-Cg- 

alkyl, heteroaryloxy-C^-Cg-alkyl, arylthio-Cj^-Cg- 

alkyl, heteroarylthio-C^-Cg-alkyl, the sulfoxide or 

sulfone of any said thio substituents, perf luoro-C 1 - 

5 Cg-alkyl, trifluoromethyl-C 1 -C 6 -alkyl / halo-C^-Cg- 

alkyl, alkoxycarbonylamino-C 1 -C 6 -alkyl and an amino- 

Cl-Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
10 consisting of C^-Cg-alkyl, ar-C-L-Cg-alkyI , cycloalkyl 

and C 1 -Cg-alkanoyl / or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 

carbonyl group, or wherein R 8 and R 9 or>R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
15 are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

sulfur, with the proviso that only one of R 8 and R 9 

or R 10 and R 11 is hydroxy; 

20 R 12 and R 12 1 are independently selected from the 

group consisting of a hydrido, C 1 -C 6 -alkyl, aryl, ar- 

C 1 -C 6 -alkyl / heteroaryl, heteroaralkyl , C 2 -Cg- 

alkynyl, C 2 -Cg-alkenyl , thiol-C 1 -Cg-alkyl , 

cycloalkyl, cycloalkyl -C ± -Cg -alkyl , heterocycloalkyl- 

25 Ci-Cg-alkyl, C^^-Cg-alkoxy-C-L-Cg-alkyl, aryloxy-C-L-Cg- 

alkyl, amino-C^-Cg-alkyl, CQ^-Cg-alkoxy-C^^-Cg-alkoxy- 

c l *" c 6 " al k Y 1 ' hydroxy - C^-Cg-al ky 1 , hydroxycarbony 1 - C 1 - 

Cg-alkyl, hydroxycarbonylar-C 1 -C 6 -alkyl, 
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aminocarbonyl-Cj^-Cg-alkyl, aryloxy-Ci-Cg-alkyl , 
heteroaryloxy-C^-Cg-alkyl, C-L-Cg-alkylthio-Ci-Cg- 
alkyl, arylthio-C^-Cg-alkyl, heteroarylthio-C-L-Cg- 
alkyl, the sulfoxide or sulfone of any said thio 
5 substituents, perfluoro-C 1 -C 6 -alkyl, trif luoromethyl- 

c l" c 6" alk Y' 1 ' halo-C 1 -C 6 -alkyl, alkoxycarbonylamino- 
Cl-Cg-alkyl and an amino-Cj-Cg-alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
10 selected from the group consisting of C^-Cg-allcyl, 

ar-C-L-Cg-alkyl, cycloalkyl and C^-Cg-alkanoyl; 

R 13 is selected from the group consisting of a 
hydrido, benzyl, phenyl, Cj-Cg-alkyl, C 2 -Cg-alkynyl , 

c 2" c 6" alken V 1 and a C^^-Cg-hydroxyalkyl group; and 
15 G-A-R-E-Y is a substituent that preferably has a 

length greater than that of a pentyl group, and more 
preferably has a length greater than that of a hexyl 
group. The substituent G-A-R-E-Y preferably has a 
length that is less than that of an icosyl group, and 
20 is more preferably less than that of a stearyl group. 
In this substituent: 

G is an aryl or heteroaryl group; 
A is selected from the group consisting of 
(1) -O-; 
25 (2) -S-; 

(3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 ) -CO-, wherein R 17 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

(5) -CO-O- or -0-CO-; 
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(6) -0-C0-0-; 

(7) -HC=CH-; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

(10) -NH-CO-O- or -0-C0-NH-; 

(11) -N=N- ; 

(12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C^-C^-alkyl, or 
phenyl ; or 

(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group consisting 
of alkyl, alkoxyalkyl, aryl, heteroaryl, cycloalkyl, 
15 heterocycloalkyl , aralkyl, heteroaralkyl , 
heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl, heteroaryloxyalkyl , arylthioalkyl, 
heteroarylthioalkyl , cycloalkylthioalkyl, and a 
2 0 heterocycloalkyl thioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 
25 perfluoroalkoxy, perf luoroalkyl thio, 

trifluoromethylalkyl, amino, alkoxycarbonyl alkyl, 
alkoxy, C 1 -C 2 -alkylene-dioxy, hydroxycarbonyl alkyl, 
hydroxycarbonyl alkylamino , ni tro , hydroxy , 
hydroxyalkyl , alkanoyl amino, and a alkoxycarbonyl 
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group, and R is other than alkyl or alkoxyalkyl when 
A is -O- or -S- ; 

E is selected from the group consisting of 

(1) -CO(R 19 )- or -(R 19 )CO-, wherein R 19 is 
5 a heterocycloalkyl , or a cycloalkyl 

group ; 

(2) -CONH- or -HNCO-; and 

(3) -CO-; 

(4) -S0 2 -R 19 - or -Rl9-S0 2 -; 
10 (5) -S0 2 -; 

(6) -NH-S0 2 - or -S0 2 -NH-; or 

(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
15 consisting of a hydrido, alkyl, alkoxy, haloalkyl, 
aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy , heteroaralkyl , 
perfluoroalkoxy, perf luoroalkylthio, 
trifluoromethylalkyl, alkenyl, heterocycloalkyl, 
20 cycloalkyl, trif luoromethyl , alkoxycarbonyl, and a 
aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
25 halo, nitro, aralkyl, aryl, alkoxy, and an amino 

group wherein the amino nitrogen is (i) unsubstituced 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 
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The substituent -G-A-R-E-Y preferably contains 
two to four carbocyclic or heterocyclic rings, 
including the aryl or heteroaryl group, G. More 
preferably, each of those rings is 6-membered. 
5 Additional separate preferences for a compound of 
formula II include: (a) that A is -O- or -S-, (b) R 
is an aryl, heteroaryl, cycloalkyl or 
heterocycloalkyl group, (c) E is absent, and (d) Y is 
selected from the group consisting of hydrido, an 
10 alkyl, alkoxy, perf luoroalkoxy and a 
perf luoroalkylthio group. 

A more preferred compound for use in a 
contemplated process has a structure that corresponds 
to formula III, below: 

15 



(CH 2 W 




m 



o 



wherein R 3 is a single -ringed aryl or 
heteroaryl group that is 5- or 6-membered, and is 

20 itself substituted at its own 4-position when a 

6-membered ring and at its own 3- or 4-position when 
a 5-membered ring with a substituent selected from 
the group consisting of a thiophenoxy, 4-chloro- 
phenoxy, 3 -chlorophenoxy, 4 -methoxyphenoxy , 3- 

25 benzodioxol-5-yloxy, 3 , 4 -dime thy lphenoxy , 4-fluoro- 
phenoxy, 4-f luorothiophenoxy , phenoxy, 4-trifluoro- 
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methoxyphenoxy , 4 - trif luoromethylphenoxy, 4 - 
(trif luoromethylthio) phenoxy, 4 - (trif luoromethyl - 
thio) thiophenoxy, 4 -chloro-3 -f luorophenoxy, 4- 
isopropoxyphenoxy , 4 - isopropylphenoxy , ( 2 -methyl -1,3- 
5 benzothiazol - 5 -yl ) oxy , 4 - ( 1H- imidazol - 1 -yl ) phenoxy , 
4 -chloro-3 -methylphenoxy , 3 -methyl -phenoxy, 4 - 
ethoxyphenoxy, 3 , 4 -dif luorophenoxy, 4 -chloro-3 - 
methylphenoxy, 4-f luoro-3-chlorophenoxy, 4- (1H-1,2,4- 
triazol-l-yl) phenoxy, 3 , 5-dif luorophenoxy, 3,4- 

10 dichlorophenoxy, 4-cyclopentylphenoxy, 4-bromo-3- 
methylphenoxy , 4 -bromophenoxy , 4 -methyl thiophenoxy, 
4-phenylphenoxy, 4-benzylphenoxy, 6-quinolinyloxy, 4- 
amino- 3 -methylphenoxy, 3-methoxyphenoxy, 5,6,7,8- 
tetrahydro-2-naphthalenyloxy, 3 -hydroxymethyl phenoxy, 

15 and a 4-benzyloxyphenoxy group; 

R 14 is hydrido, a pharmaceutical ly 
acceptable cation or C(W)R 15 where W is O or S and 
R 15 is selected from the group consisting of an C x - 
C 6 -alkyl, aryl, C 1 -C 6 -alkoxy, heteroaryl-C-L-Cg-alkyl, 

20 C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, aryloxy, ar-C^-Cg- 

alkoxy, ar-C^-Cg-alky! , heteroaryl and amino C^-Cg- 
alkyl group wherein the aminoalkyl nitrogen is (i) 
unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 

25 consisting of an C 1 -C 6 -alkyl, aryl, ar-C 1 -C 6 -alkyl , 

Cs-Cg-cycloalkyl-C-L-Cg-alkyl, ar-C 1 -C 6 - 
alkoxycarbonyl, C^^-Cg-alkoxycarbonyl, and a C^-Cg- 
alkanoyl radical, or (iii) wherein the amino C^-Cg- 
alkyl nitrogen and two substituents attached thereto 
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form a 5- to 8-membered heterocyclo or heteroaryl 
ring; 

m is zero, 1 or 2 ; 
n is zero, 1 or 2; 
5 p is zero, 1 or 2; 

the sum ofm+n+p=l, 2, 3 or 4; 

(a) one of X, Y and Z is selected from the 

group consisting of C(0), NR 6 , 0, S, S (0) , S (0) 2 and 
NS(0) 2 R 7 , and the remaining two of X, Y and Z are 

10 CR 8 R 9 , and CR 10 R 11 / or 

(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR%R 6 

and OC(O), with the remaining one of X, Y and Z being 

15 CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 
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wherein wavy lines are bonds to the atoms of the 
depicted ring; 

5 R 6 and R 6 1 are independently selected from the 

group consisting of hydrido, C 1 -C 6 -alkanoyl / Cg-aryl- 

C 1 -C 6 -alkyl / aroyl, bis (C-L-Cg-alkoxy-C-L-Cg-alkyl) -C^ 

Cg-alkylC^-Cg-alkyl, C^Cg-haloalkyl, C^-Cg- 

perf luoroalkyl, C 1 -Cg-trif luoromethylalkyl , C^-Cg- 

10 perf luoroalkoxy-C^^-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 

alkyl, C 3 -Cg-cycloalkyl, C 3 -C 8 -heterocycloalkyl , C 3 - 
C 8 -heterocycloalkylcarbonyl , Cg-aryl, C 5 -Cg- 
heterocyclo , C 5 -Cg -heteroaryl , C 3 -C 8 -cycloalkyl -C^ 
Cg-alkyl, Cg-aryloxy-C 1 -C 6 -alkyl, heteroaryloxy-C-L- 

15 Cg-alkyl, heteroaryl-C 1 -Cg-alkoxy-C 1 -C 6 -alkyl / 

heteroarylthio-C^^-Cg-alkyl, Cg-arylsulf onyl , C^-Cg- 
alkylsulfonyl, Cs-Cg-heteroarylsulfonyl, carboxy-C 1 - 
Cg -alkyl , C 1 -C 4 - alkoxycarbonyl - C 1 - Cg - alkyl , 
aminocarbonyl , C 1 -Cg-alkyl iminocarbonyl , Cg- 
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aryliminocarbonyl, C 5 -C 6 -heterocycloiminocarbonyl , 
Cg-arylthio-C^Cg-alkyl, Ci-Cg-alkylthio-Ci-Cg-alkyl , 
C 6 -arylthio-C 3 -C 6 -alkenyl, C 1 -C 4 -alkylthio-C 3 -C 6 - 
alkenyl, C 5 -C 6 -heteroaryl-C 1 -C 6 -alkyl / halo-C^Cg- 
5 alkanoyl, hydroxy-C 1 -C 6 -alkanoyl , thiol-C-L-Cg- 

alkanoyl, C 3 -C 6 -alkenyl, C 3 -C 6 -alkynyl, C 1 -C 4 -alkoxy- 
c l" c 4" alk y 1 < C^Cg-alkoxycarbonyl , aryloxycarbonyl , 
NR 8 R 9 -C 1 -C 5 -alkylcarbonyl / hydroxy-^ -C 5 -alkyl, an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
10 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C 1 -C 6 -alkyl / ar-C-L-Cg-alkyl , C 3 -Cg- 
cycloalkyl and a (^-Cg-alkanoyl group, 

hydroxyaminocarbonyl, an aminosulf onyl group wherein 
15 the aminosulf onyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
C-L-Cg-alkyl, ar-C-L-Cg-alkyl, C 3 -Cg-cycloalkyl and a 

Cl-C 6 - alkanoyl 9 r °up, an amino-C^-Cg-alkylsulf onyl 
20 group wherein the amino-C 1 -C 6 -alkylsulfonyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C-L-Cg-alkyI, ar-C-L-Cg-alkyI , ^-Cg- 
cycloalkyl and a C^Cg -alkanoyl group and an amino- 
25 C^-Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C 1 -C 6 -alkyl, ar-C-L-Cg-alkyl, ^-Cg- 
cycloalkyl and a C^Cg- alkanoyl group; 
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R is selected from the group consisting of 
a benzyl, phenyl, C^-Cg- alkyl, C 3 -Cg-alkynyl, C 3 -C g - 

alkenyl and a C^^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
5 selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyl, aryl, ar-^-Cg-alkyl , 
heteroaryl, heteroar-C-L-Cg-alkyl, C2-Cg-alkynyl, C 2 - 
Cg-alkenyl, thiol-Cj-Cg-alkyl , C-L-Cg-alkylthio-C-L-Cg- 
alkyl cycloalkyl, cycloalkyl-Cj^-Cg-alkyl, 

10 heterocycloalkyl-C-L-Cg-alkyl, C-L-Cg-alkoxy-C-L-Cg- 
alkyl, aralkoxy-Ci-Cg-alkyl, C-L-Cg-alkoxy-C-L-Cg- 
alkoxy-C-L-Cg-alkyl, hydroxy-C-L-Cg-alkyl , 
hydroxycarbonyl-C-L-Cg-alkyl , hydroxycarbonylar-C-L-Cg- 
alkyl, aminocarbonyl-Cj^-Cg-alkyl, aryloxy-^-Cg- 

15 alkyl, heteroaryloxy-Ci-Cg-alkyl, arylthio-C 1 -Cg- 
alkyl, heteroarylthio-C 1 -C 6 -alkyl, the sulfoxide or 
sulfone of any said thio substituents , perf luoro-C!- 
Cg-alkyl, trifluoromethyl-C 1 -C 6 -alkyl, halo-C 1 -Cg- 
alkyl, alkoxycarbonylamino-Cj^-Cg -alkyl and an amino- 

20 C^^-Cg-alkyl group wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^-Cg -alkyl, ar-C^-Cg -alkyl, cycloalkyl 

and C-L-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 
25 R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 
or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
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or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

sulfur, with the proviso that only one of R 8 and R 9 

or R 10 and R 11 is hydroxy; 

5 R 12 and R 12 ' are independently selected from the 

group consisting of a hydrido, C^-Cg-alkyl, aryl, ar- 
Cl'Cg-alkyl, heteroaryl, heteroaralkyl, C 2 -Cg- 
alkynyl, C 2 -Cg-alkenyl , thiol-C 1 -C 6 -alkyl , 
cycloalkyl, cycloalkyl-C 1 -C 6 -alkyl , heterocycloalkyl- 

10 Ci-Cg-alkyl, C-L-Cg-alkoxy-C-L-Cg-alkyl, aryloxy-^-Cg- 
alkyl, amino-C 1 -C 6 -alkyl, C 1 -C 6 -alkoxy-C 1 -C 6 -alkoxy- 
c l" c 6" alk y 1 ' hydroxy- C^-Cg-alky!, hydroxycarbonyl-C-L- 
Cg-alkyl , hydroxycarbonylar-C^Cg-alkyl, 
aminocarbonyl-Ci-Cg-alkyl, aryloxy-C^-Cg-alkyl, 

15 heteroaryloxy-C-L-Cg-alkyl , C-L-Cg-alkylthio-C-L-Cg- 
alkyl, arylthio-C-L-Cg-alkyl, heteroarylthio-C 1 -C 6 - 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C^-Cg-alkyl, trif luoromethyl- 

c l" c 6" alk y 1 ' halo-C 1 -C 6 -alkyl, alkoxycarbonylamino- 
20 C^-Cg-alkyl and an amino-C 1 -Cg-alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C 1 -C g -alkyl / 
ar-C 1 -C 6 -alkyl / cycloalkyl and C^^-Cg-alkanoyl ; and 

25 R XJ is selected from the group consisting of a 

hydrido, benzyl, phenyl, C^Cg-alkyl, C 2 -C 6 -alkynyl, 

c 2" c 6" alken y 1 and a C-L-Cg-hydroxyalkyl group. Again, 
the use of a compound of formula III as a 
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pharmaceutically acceptable salt is also 
contemplated. 

Preferences related to a compound of formula III 
that also apply to a compound of formula II include 
the following, which are independently preferred: (a) 
the sum ofm+n+p=ior2, and more preferably 2; 

(b) Z is O, S or NR 6 ; (c) R 6 is selected from the 
group consisting of C 3 -C 6 -cycloalkyl, C 1 -C 6 -alkyl, 

C 3 -C 6 -alkenyl, C 3 -C 6 -alkynyl, Ci-Cg-alkoxy-^-Cg- 

alkyl, amino-C 1 -C 6 -alkyl, aminosulfonyl , heteroaryl- 

C-L-Cg-alkyl, aryloxycarbonyl , and C^-Cg- 

alkoxycarbonyl ; and (d) m = n =zero, p = 1, and Y is 

NR 6 . Another preference for a compound of both of 

formulas II and III is that R 14 be hydrido, or that W 

of the C(W)R 15 pro-drug form be O and R 15 be a C^-Cg- 

alkyl, aryl, C-L-Cg-alkoxy, heteroaryl-C-L-Cg-alkyl , 

C 3 -C 8 -cycloalkyl-C 1 -Cg-alkyl, or aryloxy group. 

A still more preferred compound for use in a 
contemplated process corresponds in structure to 
formula IV, below: 



Here, R J is as defined above as to formulas I, 
III and more preferably as defined as to formula II 
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(wherein the R 3 radical is the substituent G-A-R-E- 

Y) . Most preferably, R 3 is as defined in formula 
III. 

Z is selected group the group consisting of 0, 
5 S, NR 6 , SO, S0 2 , and NS0 2 R 7 , 

wherein R 6 is selected from the group consisting 
of hydrido, C 1 -C 5 -alkyl, Cj^-Cg-alkanoyl, benzyl, 

benzoyl, C 3 -C 5 -alkynyl , C 3 -C 5 -alkenyl , C 1 -C 3 -alkoxy- 

C-L-C^-alkyl, C 3 -C 6 -cycloalkyl, heteroaryl-C-L-Cg- 

10 alkyl, C-L-Cs-hydroxyalkyl, Cj^-^-carboxyalkyl, C^-Cg- 

alkoxy C 1 -C 5 -alkylcarbonyl , and NR 8 R 9 -C 1 -C 5 - 

alkylcarbonyl or NR 8 R 9 -C 1 -C 5 -alkyl wherein R 8 and R 9 
are independently hydrido, C 1 -C 5 -alkyl, C-l-C^- 

alkoxycarbonyl or aryl-C 1 -C 5 -alkoxycarbonyl , or NR 8 R 9 

15 together form a heterocyclic ring containing 5- to 8- 
atoms in the ring; and 

R is selected from the group consisting of an 
arylalkyl, aryl, heteroaryl, heterocyclo, C^-Cg- 

alkyl, C 3 -C 6 -alkynyl, C 3 -Cg-alkenyl , C^-Cg- 

2 0 carboxyalkyl and a Cj^-Cg-hydroxyalkyl group. Most 

preferably, Z is 0 or NR 6 . Here too, the use of a 
compound of formula IV as a pharmaceutical ly 
acceptable salt is contemplated. 

A still more preferred group of contemplated 
25 compounds for use in a contemplated process 
correspond in structure to formula V, below; 
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HO— HN 




V CF 3 

wherein 

Z is as previously defined for formula IV; 
5 W and Q are independently oxygen (0) , NR 6 or 

sulfur (S) , and R 6 is as defined in formula IV; and 

q is zero or one such that when q is zero, Q is 
absent and the trif luoromethyl group is bonded 
directly to the depicted phenyl ring. Here again, the 
10 use of a compound of formula IV as a pharmaceutically 
acceptable salt is contemplated. 

Particularly preferred compounds within the 
group defined by formula V have the structural 
formulas shown below: 
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Also particularly preferred are the following 
5 compounds : 




10 

Several particularly preferred compounds whose 
structures correspond to formulas I through V are 
illustrated in the Tables and examples provided 
hereinafter. 

15 As was noted before, the compounds of formulas 

II, III, IV and V, and their pharmaceutical^ 
acceptable salts are themselves contemplated 
compounds of the invention. 
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In preferred practice, an SO2 -linked R 3 
radical is an aryl or heteroaryl group that is a 5- 
or 6-membered single-ring that is itself substituted 
with one other single -ringed aryl or heteroaryl group 
5 or, with an alkyl or alkoxy group having a chain 
length of 3 to about 16 carbon atoms (and more 
preferably a length of up to about 14 carbon atoms) , 
a phenoxy group, a thiophenoxy [C5H5-S-] group, a 
phenylazo [C 6 H 5 -N 2 -] group, a N-piperidyl [C 5 H 10 N-] 
10 group, a N-piperazyl [NC4H9N-] group or a benzamido 
(-NHC(O) C5H5] group. The S0 2 -linked single-ringed 

aryl or heteroaryl R 3 group here is substituted at 
its own 4 -position when a 6-membered ring and at its 
own 3- or 4-position when a 5-membered ring. 
15 The SO2- linked aryl or heteroaryl group of 

a R 3 radical is preferably itself substituted at the 
4-position when a 6-membered ring or the 3- or 4- 
position when a 5-membered ring. A particularly 
preferred substituent is a single-ringed aryl or 

20 heteroaryl, phenoxy, thiophenoxy, phenylazo, N- 

piperidyl, N-piperazyl or benzamido group that is 
unsubstituted or can itself be substituted. 

The 4- and 3 -positions of rings discussed 
here are numbered from the sites of substituent 

25 bonding as compared to formalized ring numbering 
positions used in heteroaryl nomenclature, as is 
discussed further hereinbelow. Here, single atoms 
such as halogen moieties (fluoro, chloro, bromo, or 
iodo) or substituents that contain one to a chain 

30 length of about five atoms other than hydrogen such 
as phenyl, C^C^ alkyl, trif luoromethyl , 
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trif luoromethoxy, trif luorothiomethyl or carboxyethyl 
groups are preferred, although longer substituents 
can be accommodated up to a total length of an icosyl 
group . 

5 Exemplary particularly preferred 

substituted S0 2 - linked R 3 radicals include 
4- (phenyl) phenyl [biphenyl] , 4- (4 ' -methoxyphenyl) - 
phenyl, 4- (phenoxy) phenyl, 4- (thiophenyl) phenyl [4- 
(phenylthio) phenyl] , 4- ( a zophenyl) phenyl , 4- [ (4 ' - 

10 trif luoromethylthio)phenoxy] phenyl, 4- [ (4 1 - 

trif luoromethylthio) thiophenyl] phenyl, 4- [ (4 1 - 
trif luoromethyDphenoxy] phenyl, 4 - [ (4 1 - 
trif luoromethyl) thiophenyl] phenyl, 4- [ (4 1 - 
trif luoromethoxy) phenoxy] phenyl , 4 - [ (4 ' - 

15 trif luoromethoxy) thiophenyl] phenyl, 4- [ (4 1 -phenyDN- 
piperidyl] phenyl, 4- [ (4 * -acetyl )N-piperazyl] phenyl 
and 4 - (benzamido) phenyl . 

Inasmuch as a contemplated SO2 -linked aryl 

or heteroaryl radical of an R 3 group is itself 
20 preferably substituted with a 6-membered ring, two 
nomenclature systems are used together herein for 
ease in understanding substituent positions. The 
first system uses position numbers for the ring 
directly bonded to the SO2 -group, whereas the second 
25 system uses ortho, meta or para for the position of 
one or more substituents of a 6-membered ring bonded 
to a S0 2 -linked aryl or heteroaryl radical. Although 
ortho, meta and para positional nomenclature is 
normally not used with aliphatic ring systems, it is 
3 0 believed more readily understood for describing the 
present compounds when used in conjunction with the 
numerical system for the first ring bonded to the 
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S0 2 -group. When a R 3 radical is other than a 6- 
membered ring, substituent positions are numbered 
from the position of linkage to the aromatic or 
heteroaromatic ring. Formal chemical nomenclature is 
5 used in naming particular compounds. 

Thus, the 1 -position of an above-discussed 
S0 2 -linked aryl or heteroaryl group is the position 
at which the S0 2 -group is bonded to the ring. The 4- 
and 3 -positions of rings discussed here are numbered 

10 from the sites of substituent bonding from the S0 2 - 
linkage as compared to formalized ring numbering 
positions used in heteroaryl nomenclature. 

When examined along its longest chain of 
atoms, an R 3 radical including its own substituent 

15 has a total length that is greater than a saturated 
chain of five carbon atoms (a pentyl group) , and 
preferably has a length greater than that of a 
saturated chain of six carbon atoms (a hexyl group) ; 
i.e., a length of about a heptyl chain or longer. An 

2 0 R 3 radical also has a length that is less than that 
of a saturated chain of about 2 0 carbon atoms [an 
icosyl group (icosyl was formerly spelled eicosyl)] 
and more preferably about 18 carbon atoms (a stearyl 
group) . Most preferably, the length of R 3 is about 

25 that of an 8 to about 12 carbon atom chain, even 
though many more atoms may be present in ring 
structures or substituents . This length requirement 
is discussed further below. 

Looked at more generally, and aside from 

30 specific moieties from which it is constructed, an R 3 
radical (group or moiety) has a length that is 
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greater than that of a pentyl group. Such an R 3 
radical also has a length that is less than that of 
an icosyl (didecyl) group. That is to say that R 3 is 
a radical having a minimal length longer that a 
5 saturated five carbon chain, and preferably greater 
than a hexyl group, but is shorter than the length of 
a saturated twenty carbon atom chain, and preferably 
shorter than an eighteen carbon chain. Most 
preferably, R 3 has a length greater than that of an 

10 octyl group and less than that of a lauryl group. 

More specifically, an R 3 group has a 
minimal length of a hexyl group only when that 
substituent is comprised of two rings that can be 
fused or simply covalently linked together by 

15 exocyclic bonding. When R 3 does not contain two 
linked or fused rings, e.g., where a R 3 radical 
includes an alkyl or second, third or fourth ring 
substituent, R 3 has a length that is greater than 
that of a hexyl group. Exemplary of such two ring R 3 

20 groups are a 2-naphthyl group or a 2-quinolinyl group 
(each with a six carbon chain length) and 8-purinyl 
(with a five carbon atom chain length) . Without 
wishing to be bound by theory, it is believed that 
the presence of multiple rings in R 3 enhances 

25 selectivity of the enzyme activity inhibitor profile. 

The radical chain lengths are measured 
along the longest linear atom chain in the radical, 
following the skeletal atoms around a ring where 
necessary. Each atom in the chain, e.g. carbon, 

30 oxygen, sulfur or nitrogen, is presumed to be carbon 
for ease in calculation. 
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Such lengths can be readily determined by- 
using published bond angles, bond lengths and atomic 
radii, as needed, to draw and measure a desired, 
usually staggered, chain, or by building models using 
5 commercially available kits whose bond angles, 

lengths and atomic radii are in accord with accepted, 
published values. Radical (substituent) lengths can 
also be determined somewhat less exactly by assuming 
that all atoms have bond lengths saturated carbon, 

10 that unsaturated bonds have the same lengths as 

saturated bonds and that bond angles for unsaturated 
bonds are the same as those for saturated bonds, 
although the above-mentioned modes of measurement are 
preferred. For example, a phenyl or pyridyl group 

15 has a length of a four carbon chain, as does a 

propoxy group, whereas a biphenyl group has a length 
of about an eight carbon chain using such a 
measurement mode. 

In addition, a R 3 group when rotated about 
20 an axis drawn through the S0 2 -bonded 1- posit ion and 

the 4 -position of a 6-membered ring or the S0 2 -bonded 
position and substituent-bonded 3- or 4 -position of a 
5-membered ring defines a three-dimensional volume 
whose widest dimension has the width of about one 
25 furanyl ring to about two phenyl rings in a direction 
transverse to that axis to rotation. 

Thus, a 2-naphthyl substituent or an 8- 
purinyl substituent is an appropriately sized R 3 
group when examined using the above rotational width 
30 criterion as well as the before-discussed criterion. 
On the other hand, a 1-naphthyl group or a 7- or 9- 
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purinyl group is too wide upon rotation and is 
excluded from being an R 3 group. 

As a consequence of these length and width 
requirements, R 3 radicals such as 4- (phenyl) phenyl 
5 [biphenyl ] , 4 - (4 » -methoxyphenyl ) -phenyl , 

4- (phenoxy) phenyl, 4- (thiophenyl) phenyl [4- 
( phenyl thio) phenyl] , 4- ( a zophenyl) phenyl, 4- [ (4 1 - 
trif luoromethylthio) phenoxy] phenyl , 4 - [ (4 ■ - 
trif luoromethylthio) thiophenyl] phenyl, 4- [ (4 1 - 

10 trifluoromethyl) phenoxy] phenyl, 4 - [ (4 • - 

trif luoromethyl) thiophenyl] phenyl , 4- [ (4 ■ - 
trif luoromethoxy) phenoxy] phenyl , 4 - [ (4 ■ - 
trifluoromethoxy) thiophenyl ] phenyl , 4 - [ (4 » -phenyl )N- 
piperidyl] phenyl, 4- [ (4 ■ -acetyl) N-piperazyl] phenyl 

15 and 4 - (benzamido) phenyl are particularly preferred R 3 
radicals. Those substituents can themselves also be 
substituted in the second ring from the S0 2 group at 
the meta- or para-position or both with a single atom 
or a substituent containing a longest chain length 

20 that is preferably of up to five atoms, excluding 
hydrogen . 

Without wishing to be bound by theory, the 
length of a R 3 radical substituent bonded to the S0 2 
group is believed to play a role in the overall 
25 activity of a contemplated inhibitor compound against 
MMP enzymes generally. The length of the R 3 radical 
group also appears to play a role in the selective 
activity of an inhibitor compound against particular 
MMP enzymes . 

30 In particularly preferred practice, R 3 is a 

PhR 23 group, wherein Ph is phenyl. The phenyl ring 
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(Ph) of a PhR 23 group is substituted at its para- 
position (4 -position) by an R 23 group that can be 
another single -ringed aryl or heteroaryl group, a 
piper idyl group, a piperazinyl group, a phenoxy 
5 group, a thiophenoxy [C 6 H 5 -S-] group, a phenylazo 

[C 6 H 5 -N 2 -] group or a benzamido [-NHC (0) C5H5] group. 

In one embodiment of a particularly 
preferred aromatic sulfone hydroxamate inhibitor 
compound, an R 23 substituent is phenoxy and is itself 

10 substituted at its own para-position with a moiety 
that is selected from the group consisting of a 
halogen, a C^C^ alkoxy group, 3 .^-04 alkyl group, a 
dimethylamino group, a carboxyl C1-C3 alkylene group, 
a -C4 alkoxy carbonyl Ci-C 3 alkylene group, a 

15 trif luoromethylthio group, a trif luoromethoxy group, 
a trif luoromethyl group and a carboxamido C1-C3 
alkylene group, or is substituted at the meta- and 
para-positions by a methyl enedioxy group. It is to 
be understood that any R 23 substituent can be 

20 substituted with a moiety from the above list. Such 
substitution at the para-position is preferred. 

The present invention also contemplates an 
intermediate compound that is useful in preparing a 
compound of formulas I-V. Such an intermediate 

25 compound corresponds in structure to formula VI, 
below: 
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(CH 2 ) n -2^ 
X Y 

\ ' 



j20 



(CH 2 ) r 



(CH 2 ) P 



S(O) 



5 24 



VI 



wherein g is zero, 1 or 2; 

5 R 20 is (a) -0-R 21 , where R 21 is selected 

from the group consisting of a hydrido, C^^-Cg-alkyl, 

aryl, ar-C^^-Cg-alkyl group and a pharmaceutical ly 

acceptable cation, or (b) -NH-O-R 22 wherein R 22 is a 
selectively removable protecting group such as a 2- 
10 tetrahydropyranyl, C 1 -C 6 -acyl / aroyl, benzyl, p- 

methoxybenzyl (MOZ) carbonyl-C-L-Cg-alkoxy, 

trisubstituted silyl group or o-nitrophenyl group, 
peptide systhesis resin and the like, wherein 
trisubstituted silyl group is substituted with Ci-Cg- 
15 alkyl, aryl, or ar-Ci-Cg-alkyl ; 

m is zero, 1 or 2; 

n is zero, 1 or 2; 

p is zero, 1 or 2; 

the sum ofm+n+p=l, 2, 3 or 4 ; 
20 (a) one of X, Y and Z is selected from the 

group consisting of C(O), NR 6 , O, S, S (O) , S (0) 2 and 
NS(0) 2 R 7 / and the remaining two of X, Y and Z are 
CR 8 R 9 , and CR 10 R 11 / or 
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(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 

and OC(O) , with the remaining one of X, Y and Z being 

5 CR 8 R 9 , or 



(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 
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wherein wavy lines are bonds to the atoms of the 
depicted ring; 

R 6 and R 6 ' are independently selected from the 
group consisting of hydrido, C 1 -Cg-alkanoyl , Cg-aryl- 
5 C-L-Cg-alkyl, aroyl, bis (C^-Cg-alkoxy-C-L-Cg-alkyl ) -C x - 
Cg-alkyl, Cj^-Cg-alkyl, C-L-Cg-haloalkyl , C^-Cg- 
perf luoroalkyl , C 1 -C 6 -trif luoromethylalkyl, C^-Cg- 
perfluoroalkoxy-C^^-Cg-alkyl, Ci-Cg-alkoxy-Cj^-Cg- 
alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl , C 3 - 

10 C 8 -heterocycloalkylcarbonyl, Cg-aryl, C 5 -C 6 - 

heterocyclo, C 5 -Cg-heteroaryl, C 3 -C 8 -cycloalkyl-C 1 - 
Cg-alkyl, Cg-aryloxy-C-L-Cg-alkyl, heteroaryloxy-C-L- 
Cg-alkyl, heteroaryl-C-L-Cg-alkoxy-Ci-Cg-alkyl, 
heteroarylthio-C-L-Cg-alkyl, Cg-arylsulfonyl , C-L-Cg- 

15 alkylsulfonyl, C 5 -C 6 -heteroarylsulfonyl , carboxy-Ci- 
Cg-alkyl, C^-C^ -alkoxycarbonyl-C^^-Cg-alkyl , 
aminocarbonyl, C-L-Cg-alkyliminocarbonyl , Cg- 
aryl iminocarbonyl , C 5 -Cg-heterocycloiminocarbonyl , 
Cg-arylthio-Ci-Cg-alkyl, C 1 -Cg-alkylthio-C 1 -Cg-alkyl , 

20 Cg-arylthio-C 3 -C 6 -alkenyl, Ci-C^alkylthio-C^Cg- 
alkenyl, Cg-Cg-heteroaryl-C-L-Cg-alkyl , halo-C^-Cg- 
alkanoyl, hydroxy-^ - Cg -alkanoyl , thiol-^-Cg- 
alkanoyl, C 3 -C 6 -alkenyl, C 3 -Cg-alkynyl , C 1 -C 4 -alkoxy- 
c l" c 4" alk y 1 ' C 1 -C 5 -alkoxycarbonyl, aryloxycarbonyl , 

25 NR 8 R 9 -C 1 -C 5 -alkylcarbonyl, hydroxy-C 1 -C 5 -alkyl, an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
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consisting of C^-Cg-alkyl, ar-C 1 -Cg-alkyl , C 3 -C 8 - 

cycloalkyl and a C 1 -Cg-alkanoyl group, 

hydroxyaminocarbonyl , an aminosulf onyl group wherein 
the aminosulf onyl nitrogen is (i) unsubstituted or 
5 (ii) substituted with one or two radicals 

independently selected from the group consisting of 
Ci-Cg-alkyl, ar-C^-Cg-alkyl, C 3 -C 8 -cycloalkyl and a 

c l" c 6" alkan °y 1 9 rou P/ an amino-C 1 -Cg-alkylsulfonyl 
group wherein the amino-C^^-Cg-alkylsulf onyl nitrogen 
10 is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C 1 -Cg-alkyl , C 3 -C Q - 

cycloalkyl and a C^-Cg-alkanoyl group and an amino- 
c l -c 6" alk y 1 9 rou P wherein the aminoalkyl nitrogen is 
15 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C-L-Cg-alkyI, ar-C 1 -Cg-alkyl # C 3 -Cq- 

cycloalkyl and a C 1 -Cg-alkanoyl group; 

R 7 is selected from the group consisting of 
20 a benzyl, phenyl, C 1 -C 6 -alkyl / C 3 -Cg-alkynyl , C 3 -Cg- 

alkenyl and a C^^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, C^-Cg-alky!, aryl, ar-C^-Cg-alkyl, 

25 heteroaryl, heteroar-C-L-Cg-alkyl , C 2 -Cg-alkynyl , C 2 - 

Cg-alkenyl, thiol-C-L-Cg-alkyl , C^^-Cg-alkylthio-Cj^-Cg- 

alkyl cycloalkyl, cycloalkyl-C-L-Cg-alkyl, 

heterocycloalkyl-C-L-Cg-alkyl, C^^-Cg-alkoxy-Ci-Cg- 

alkyl, aralkoxy-C-L-Cg-alkyl, Cj^-Cg-alkoxy-Ci-Cg- 
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alkoxy-C-L-Cg -alkyl, hydroxy-C^-Cg-alkyl , 
hydroxycarbonyl - ^ -Cg - alkyl , hydroxycarbonylar- C ± -Cg - 
alkyl, aminocarbonyl-C 1 -C 6 -alkyl, aryloxy-C^-Cg- 
alkyl, heteroaryloxy-C 1 -C 6 -alkyl / arylthio-C-L-Cg- 
5 alkyl, heteroarylthio-C 1 -Cg -alkyl , the sulfoxide or 
sulfone of any said thio substituents, perf luoro-C^^- 
C 6 -alkyl, trifluoromethyl-C 1 -C 6 -alkyl, halo-C 1 -C 6 - 
alkyl, alkoxycarbonylamino-C-L-Cg-alkyl and an amino- 
c l" c 6~ alk y 1 group wherein the aminoalkyl nitrogen is 
10 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of ^-Cg-alkyl, ar-C 1 -C 6 -alkyl / cycloalkyl 

and C-L-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 
15 carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 
20 sulfur, with the proviso that only one of R 8 and R 9 
or R 10 and R 11 is hydroxy; 

R 12 and R 12 1 are independently selected from the 
group consisting of a hydrido, C 1 -C 6 -alkyl, aryl, ar- 
C 1 -C 6 -alkyl, heteroaryl, heteroaralkyl, C 2 -Cg- 
25 alkynyl, C 2 -Cg-alkenyl, thiol-C^ -C 6 -alkyl , 

cycloalkyl , cycloalkyl-C^-Cg-alkyl , heterocycloalkyl- 
C 1 -C 6 -alkyl, C 1 -C 6 -alkoxy-C 1 -C 6 -alkyl, aryloxy-C 1 -C 6 - 
alkyl, amino-C-L-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -C 6 -alkoxy- 
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C 1 -C 6 -alkyl / hydroxy-C 1 -C 6 -alkyl , hydroxycarbonyl-Ci- 
C 6 -alkyl, hydroxycarbonylar-C 1 -C 6 -alkyl / 
aminocarbonyl-C-L-Cg-alkyl, aryloxy-C 1 -C 6 -alkyl , 
heteroaryloxy-^-Cg-alkyl, C 1 -Cg-alkylthio-C 1 -C 6 - 
5 alkyl, arylthio-C 1 -C 6 -alkyl / heteroarylthio-C 1 -C 6 - 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C 1 -C 6 -alkyl / trif luoromethyl- 
Cl'Cg-alkyl, halo-C^-Cg-alkyl , alkoxycarbonylamino- 
c l" c 6' alk y 1 and an amino-C 1 -C 6 -alkyl group wherein 
10 the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C-L-Cg-alkyI, 
ar-C 1 -C 6 -alkyl / cycloalkyl and C^-Cg-alkanoyl ; 

R is selected from the group consisting of a 
15 hydrido, benzyl, phenyl, C^-Cg-alkyl, C 2 -C 6 -alkynyl , 

c 2~ c 6~ alken y 1 and a C^-Cg-hydroxyalkyl group; and 

R 24 is R 3 as defined in formulas I, III, IV 
or is the substituent G-A-R-E-Y of formula II 

(formula VIA). Alternatively, R 24 is R 3 1 , an aryl or 
2 0 heteroaryl group that is substituted with a coupling 
substituent reactive for coupling with another moiety 
(formula VIB) , such as a nucleophilically 
displaceable leaving group, D. 
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(CH 2 ) n -Z^ 



/ 



\ - - - - (CH 2 ) p 



o 

VIA VIB 

Exemplary nucleophilically displaceable leaving 
groups, D, include a halo (fluoro, chloro, bromo, or 
idodo) nitro, azido, phenyl sulfoxido, aryloxy, C^-Cg- 

5 alkoxy, a C 1 -Cg-alkylsulf onate or arylsulf onate group 

and a trisubstituted ammonium group in which the 
three subatituents are independently aryl, ar- C^-Cg- 

alkyl or C 1 -C 6 -alkyl. Additional coupling 

substituents include, without limitation, a hydroxyl 
10 group and an amino group that can be coupled with 
carbonyl -containing moieties to form esters, 
urethanes, carbonates, amides and ureas. Similarly, 
a carboxyl coupling substituent can be used to form 
an ester, thioester or amide. Thus, a coupling 
15 substituent is useful in converting a coupling 

substituent -containing aryl or heteroaryl group into 
a substituent such as a G-A-R-E-Y substituent 
discussed hereinabove by the formation of a covalent 
bond. 

20 A compound of formula VI can be coupled with 

another moiety at the R 3 ' coupling substituent to 

form a compound whose newly formed R 3 group is that 
of formulas I, III, IV or -G-A-R-E-Y. Exemplary of 
such couplings are the nucleophilic displacement to 
25 form ethers and thioethers, as well as the formation 
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like linkages. 

A particularly preferred precursor 
intermediate to an intermediate compound of formula 
5 VI is an intermediate compound of formula VII, below 




VII 

wherein m, n, p, g, X, Z, Y, D and R 20 are as 
10 defined above for formula VI. 

R 20 is preferably -NH-O-R 22 , wherein R 22 is a 
selectively removable protecting group such as a 2- 
tetrahydropyranyl , c 1 -C 6 -acyl / aroyl, benzyl, p- 

methoxybenzyl (MOZ) carbonyl-C^-Cg-alkoxy, o- 

15 nitrophenyl group, a peptide syntheisi resin such as 
a so-called Merrifield's Peptide Resin commercially 
available from Sigma Chemical Co., and the like, with 
2-tetrahydropyranyl being particularly preferred. An 

-NH-O-R 22 group (R 20 ) in formulas VI and VII is 
20 therefore seen to be a reaction product of a hydroxyl 

amine whose oxygen is bonded to a selectively 

removable protecting group and a carboxyl group. 

In regard to a compound of each of formulas VI 

and VII, the subscript letter "g" is used to show the 
25 oxidation state of the sulfur atom. Where g is zero, 
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the sulfur is unoxidized, and the compound depicted 
is typically the sulfide reaction product of a 
sulfur-containing synthon as is illustrated in the 
examples hereinafter. Where g is 1, the sulfur is 
5 oxidized to a sulfoxide, whereas when g is 2, the 
sulfur is oxidized to a sulfone as is also 
illustrated hereinafter. A compound of formulas VI 
or VII wherein g is zero or 1 are themselves 
typically intermediates in the formation of a similar 
10 compound wherein g is 2 and the intermediate is a 
preferred sulfone. 

A preferred intermediate therefore 
corresponds in structure to formula VI IA, below 




In the written descriptions of molecules 
and groups, molecular descriptors can be combined to 
produce words or phrases that describe structural 

2 0 groups or are combined to describe structural groups. 
Such descriptors are used in this document. Common 
illustrative examples include such terms as aralkyl 
(or arylalkyl) , heteroaralkyl, heterocycloalkyl, 
cycloalkylalkyl, aralkoxyalkoxycarbonyl and the like. 

25 A specific example of a compound encompassed with the 
latter descriptor aralkoxyalkoxycarbonyl is C6H5-CH2- 
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CH 2 -0-CH 2 -0- (C=0) - wherein CsH 5 - is phenyl. It is 
also to be noted that a structural group can have 
more than one descriptive word or phrase in the art, 
for example, heteroaryloxyalkylcarbonyl can also be 
5 termed heteroaryloxyalkanoyl . Such combinations are 
used herein in the description of the processes, 
compounds and compositions of this invention and 
further examples are described below. The following 
list is not intended to be exhaustive or drawn out 

10 but provide illustrative examples of words or phrases 
(terms) that are used herein. 

As utilized herein, the term " alkyl alone 
or in combination, means a straight -chain or 
branched- chain alkyl radical containing 1 to about 12 

15 carbon atoms, preferably 1 to about 10 carbon atoms, 
and more preferably 1 to about 6 carbon atoms. 
Examples of such radicals include methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, iso-amyl, hexyl, octyl and the 

20 like. 

The term "alkenyl", alone or in 
combination, means a straight-chain or branched- chain 
hydrocarbon radical having one or more double bonds 
and containing 2 to about 12 carbon atoms preferably 

25 2 to about 10 carbon atoms, and more preferably, 2 to 
about 6 carbon atoms. Examples of suitable alkenyl 
radicals include ethenyl (vinyl) , 2-propenyl, 3- 
propenyl , 1,4 -pentadienyl , 1,4 -butadienyl , 1 -butenyl , 
2-butenyl, 3-butenyl, decenyl and the like*. 

30 The term "alkynyl", alone or in 

combination, means a straight -chain hydrocarbon 
radical having one or more triple bonds and 
containing 2 to about 12 carbon atoms, preferably 2 
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to about 10 carbon atoms, and more preferably, 2 to 
about 6 carbon atoms. Examples of alkynyl radicals 
include ethynyl, 2-propynyl, 3-propynyl, decynyl, 1- 
butynyl, 2-butynyl, 3-butynyl, and the like. 
5 The term "carbonyl" or "oxo", alone or in 

combination, means a -C(=0)- group wherein the 
remaining two bonds (valences) can be independently 
substituted. The term carbonyl is also intended to 
encompass a hydrated carbonyl group -C(OH) 2 -. 

10 The term "thiol" or "sulfhydryl" , alone or 

in combination, means a -SH group. The term "thio" 
or "thia", alone or in combination, means a thiaether 
group; i.e., an ether group wherein the ether oxygen 
is replaced by a sulfur atom. 

15 The term "amino", alone or in combination, 

means an amine or -NH2 group whereas the term mono- 
substituted amino, alone or in combination, means a 
substituted amine -N(H) (substituent) group wherein 
one hydrogen atom is replaced with a substituent, and 

20 disubstituted amine means a -N( substituent) 2 wherein 
two hydrogen atoms of the amino group are replaced 
with independently selected substituent groups. 

Amines, amino groups and amides are 
compounds that can be designated as primary (1°), 

25 secondary (II 0 ) or tertiary (111°) or unsubstituted, 
mono- substituted or N, N-disubstituted depending on 
the degree of substitution of the amino nitrogen. 
Quaternary amine (ammonium) (IV°) means a nitrogen 
with four substituents [-N+ (substituent) J that is 

3 0 positively charged and accompanied by a counter ion, 
whereas N-oxide means one substituent is oxygen and 
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the group is represented as [-N+ (substituent) 3 -0"] ; 
i.e., the charges are internally compensated. 

The term "cyano" , alone or in combination, 
means a -C-triple bond-N (-ON) group. The term 
5 "azido" # alone or in combination, means a -N-triple 
bond-N ( -N=N) group. The term 11 hydroxy 1 " , alone or 
in combination, means a -OH group. The term "nitro", 
alone or in combination, means a -NO2 group. The 
term "azo", alone or in combination, means a -N=N- 

10 group wherein the bonds at the terminal positions can 
be independently substituted. 

The term " hydra z i no " , alone or in 
combination, means a -NH-NH- group wherein the 
depicted remaining two bonds (valences) can be 

15 independently substituted. The hydrogen atoms of the 
hydrazine group can be replaced, independently, with 
substituents and the nitrogen atoms can form acid 
addition salts or be quaternized. 

The term "sulfonyl" , alone or in 

20 combination, means a -SO2- group wherein the depicted 
remaining two bonds (valences) can be independently 
substituted. The term "sulf oxido" , alone or in 
combination, means a -SO- group wherein the remaining 
two bonds (valences) can be independently 

25 substituted. 

The term "sulf one", alone or in 
combination, means a -S0 2 - group wherein the depicted 
remaining two bonds (valences) can be independently 
substituted. The term "sulf enamide" , alone or in 

30 combination, means a -S0N= group wherein the 

remaining three depicted bonds (valences) can be 
independently substituted. The term "sulfide", alone 
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or in combination, means a -S- group wherein the 
remaining two bonds (valences) can be independently 
substituted. 

The term "alkoxy" , alone or in combination, 
5 means an alkyl ether radical wherein the term alkyl 
is as defined above. Examples of suitable alkyl 
ether radicals include methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert- 
butoxy and the like. 

10 The term "cycloalkyl" , alone or in 

combination, means a cyclic alkyl radical that 
contains 3 to about 8 carbon atoms. The term 
"cycloalkylalkyl" means an alkyl radical as defined 
above that is substituted by a cycloalkyl radical 

15 containing 3 to about 8, preferably 3 to about 6, 

carbon atoms. Examples of such cycloalkyl radicals 
include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and the like. 

A heterocyclic (heterocyclo) or heterocyclo 

20 portion of a heterocyclocarbonyl, heterocyclooxy- 
carbonyl , heterocycloalkoxycarbonyl , or 
heterocycloalkyl group or the like is a saturated or 
partially unsaturated monocyclic, bicyclic or 
tricyclic heterocycle that contains one or more 

25 hetero atoms selected from nitrogen, oxygen and 

sulphur. Such a moiety can be optionally substituted 
on one or more ring carbon atoms by halogen, alkyl, 
alkoxy, oxo, and the like, and/or on a secondary 
nitrogen atom (i.e., -NH-) of the ring by alkyl, 

30 aralkoxycarbonyl, alkanoyl, aryl or arylalkyl or on a 
tertiary nitrogen atom (i.e., =N-) by oxido and that 
is attached via a carbon atom. The tertiary nitrogen 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-83- 

atom with three substituents can also attached to 
form a N-oxide [=N(0)-] group. 

The term "aryl", alone or in combination, 
means a 5- or 6-membered carbocyclic aromatic ring- 
5 containing moiety or a fused ring system containing 
two or three rings that have all carbon atoms in the 
ring; i.e., a carbocyclic aryl radical. Exemplary 
carbocyclic aryl radicals include phenyl, indenyl and 
naphthyl radicals. 

10 The term "heteroaryl" , alone or in 

combination means a 5- or 6-membered aromatic ring- 
containing moiety or a fused ring system (radical) 
containing two or three rings that have carbon atoms 
and also one or more heteroatoms in the ring(s) such 

15 as sulfur, oxygen and nitrogen. Examples of such 
heterocyclic or heteroaryl groups are pyrrolidinyl , 
piperidyl, piperazinyl, morpholinyl, thiamorpholinyl , 
pyrrolyl, imidazolyl (e.g. , imidazol-4-yl , 

1- benzyloxycarbonylimidazol-4-yl, and the like), 

2 0 pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, furyl, 

tetrahydrofuryl, thienyl, triazolyl, oxazolyl, 
oxadiazoyl, thiazolyl, thiadiazoyl, indolyl (e.g., 

2- indolyl, and the like), quinolinyl, (e.g., 

2- quinolinyl, 3 -quinolinyl , l-oxido-2 -quinolinyl , and 
25 the like) , isoquinolinyl (e.g., 1-isoquinolinyl , 

3- isoquinolinyl, and the like), tetrahydroquinolinyl 
(e.g., l,2,3 / 4-tetrahydro-2-quinolyl, and the like), 
1, 2,3,4-tetrahydroisoquinolinyl (e.g., 1,2,3,4- 
tetrahydro-l-oxo- isoquinolinyl, and the like), 

3 0 quinoxalinyl, [J-carbolinyl , 2-benzofurancarbonyl , 

benzothiophenyl , 1-, 2-, 4- or 5-benzimidazolyl , and 
the like radicals. 
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When an aryl or heteroaryl radical is a 
substituting moiety (group, substituent, or radical), 
it can itself substituted, the last-named substituent 
is independently selected from the group consisting 
5 of a cyano, perf luoroalkyl, trifluoro- 
methoxy, trif luoromethylthio, haloalkyl, 
trif luoromethylalkyl , aralkoxycarbonyl , 
aryloxycarbonyl , hydroxy, halo, alkyl, alkoxy, nitro, 
thiol, hydroxycarbonyl , aryloxy, arylthio, aralkyl, 
10 aryl, arylcarbonylamino, heteroaryloxy, 

heteroarylthio, heteroaralkyl , cycloalkyl, 
heterocyclooxy, heterocyclothio, heterocycloamino, 
cycloalkyloxy, cycloalkylthio, heteroaralkoxy, 
heteroaralkylthio, aralkoxy, aralkylthio, 
15 aralkylamino, heterocyclo, heteroaryl, arylazo, 
hydroxycarbonylalkoxy, alkoxycarbonylalkoxy, 
alkanoyl, arylcarbonyl , aralkanoyl, alkanoyloxy, 
aralkanoyloxy, hydroxyalkyl , hydroxyalkoxy, 
alkylthio, alkoxyalkylthio, alkoxycarbonyl , 
20 aryloxyalkoxyaryl , arylthioalkylthioaryl, 
aryloxyalkyl thioaryl , arylthioalkoxyaryl , 
hydroxycarbonylalkoxy , hydroxycarbonylalkyl thio , 
alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 
wherein the amino nitrogen is (i) unsubstituted, 
25 or (ii) substituted with one or two substituent s 

that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, 
aralkyl, cycloalkyl, aralkoxycarbonyl, 
alkoxycarbonyl, arylcarbonyl, aralkanoyl, 
30 heteroarylcarbonyl, heteroaralkanoyl and an 

alkanoyl group, or (iii) wherein the amino 
nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or 
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heteroaryl ring containing zero to two 
additional heteroatoms that are nitrogen, oxygen 
or sulfur and which ring itself is (a) 
unsubstituted or (b) substituted with one or two 
5 groups independently selected from the group 

consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl, cycloalkyl, heterocycloalkyl , 
alkoxycarbonyl , hydroxyalkyl , trif luoromethyl , 

10 benzofused heterocycloalkyl, hydroxyalkoxy alkyl, 

aralkoxycarbonyl , hydr oxy car bony 1 , 
aryloxycarbonyl , benzofused heterocycloalkoxy, 
benzofused cycloalkylcarbonyl , heterocyclo- 
alkylcarbonyl, and a cycloalkylcarbonyl group, 

15 carbonylamino 

wherein the carbonylamino nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of 
an amino acid, or (iii) substituted with one or 
two radicals selected from the group consisting 

20 of an alkyl, hydroxyalkyl, hydroxyheteroaralkyl, 

cycloalkyl , aralkyl , trif luoromethylalkyl , 
heterocycloalkyl, benzofused heterocycloalkyl, 
benzofused heterocycloalkyl , benzofused 
cycloalkyl, and an N, N-dialkylsubstituted 

25 alkylamino- alkyl group, or (iv) the carboxamido 

nitrogen and two substituents bonded thereto 
together form a 5- to 8-membered heterocyclo, 
heteroaryl or benzofused heterocycloalkyl ring 
that is itself unsubstituted or substituted with 

3 0 one or two radicals independently selected from 

the group consisting of an alkyl, 
alkoxycarbonyl, nitro, heterocycloalkyl, 
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hydroxy, hydroxycarbonyl , aryl, aralkyl, 
heteroaralkyl and an amino group, 
wherein the amino nitrogen is 
(i) unsubstituted, or (ii) substituted with 
5 one or two substituents that are 

independently selected from the group 
consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
10 8-membered heterocyclo or heteroaryl ring, 

and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
independently selected from the group consisting of 

15 an alkyl, aryl, aralkyl, cycloalkyl, 

aralkoxycarbonyl, alkoxycarbonyl , and an alkanoyl 
group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring. 

20 The term "aralkyl", alone or in 

combination, means an alkyl radical as defined above 
in which one hydrogen atom is replaced by an aryl 
radical as defined above, such as benzyl, 2- 
phenylethyl and the like. 

25 The term "aralkoxycarbonyl", alone or in 

combination, means a radical of the formula aralkyl- 
O-C(O)- in which the term "aralkyl" has the 
significance given above. An example of an 
aralkoxycarbonyl radical is benzyl oxycarbonyl . 

30 The term "aryloxy" means a radical of the 

formula aryl-O- in which the term aryl has the 
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significance given above . The phenoxy radical is an 
exemplary aryloxy radical. 

The terms "heteroaralkyl" and 
"heteroaryloxy" mean radicals structurally similar to 
5 aralkyl and aryloxy that are formed from heteroaryl 
radicals. Exemplary radicals include 4-picolinyl and 

2 - pyrimidinoxy , respectively . 

The terms "alkanoyl" or "alkylcarbonyl" , 
alone or in combination, means an acyl radical 

10 derived from an alkanecarboxylic acid, examples of 
which include formyl, acetyl, propionyl, butyryl, 
valeryl, 4 -methyl valeryl , and the like. 

The term cycloalkylcarbonyl " means an acyl 
group derived from a monocyclic or bridged 

15 cycloalkanecarboxylic acid such as 

cyclopropanecarbonyl , cyclohexanecarbonyl , 
adamantanecarbonyl, and the like, or from a benz- 
fused monocyclic cycloalkanecarboxylic acid that is 
optionally substituted by, for example, 

20 alkanoylamino, such as 1, 2 , 3 , 4-tetrahydro-2- 
naphthoyl , 2 - ace t ami do- 1,2,3, 4 - te trahydro-2 - 
naphthoyl . 

The terms "aralkanoyl " or "aralkylcarbonyl" 
mean an acyl radical derived from an aryl- substituted 
25 alkanecarboxylic acid such as phenylacetyl, 

3 - phenylpropionyl (hydrocinnamoyl) , 4-phenylbutyryl , 
( 2 -naphthyl ) acetyl , 4 - chlorohydrocinnamoyl , 

4 - aminohydrocinnamoyl , 4 -met hoxy hydrocinnamoyl and 
the like. 

30 The terms "aroyl" or "arylcarbonyl" means 

an acyl radical derived from an aromatic carboxylic 
acid. Examples of such radicals include aromatic 
carboxylic acids, an optionally substituted benzoic 
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or naphthoic acid such as benzoyl, 4-chlorobenzoyl , 
4-carboxybenzoyl, 4- (benzyloxycarbonyl) benzoyl, 
1-naphthoyl, 2-naphthoyl, 6-carboxy-2 naphthoyl, 
6- (benzyloxycarbonyl) -2 -naphthoyl , 3 -benzyl oxy- 
5 2 -naphthoyl, 3 -hydroxy- 2 -naphthoyl, 

3- (benzyloxyformamido) -2 -naphthoyl, and the like. 

The term "cycloalkylalkoxycarbonyl " means 
an acyl group of the formula cycloalkylalkyl-0-CO- 
wherein cycloalkylalkyl has the significance given 

10 above. The term "aryloxyalkanoyl " means an acyl 

radical of the formula aryl-O-alkanoyl wherein aryl 
and alkanoyl have the significance given above. The 
term "heterocyclooxycarbonyl" means an acyl group 
having the formula heterocyclo-O-CO- wherein 

15 heterocyclo is as defined above. 

The term "heterocycloalkanoyl" is an acyl 
radical of the formula heterocyclo-substituted alkane 
carboxylic acid wherein heterocyclo has the 
significance given above. The term 

20 "heterocycloalkoxycarbonyl" means an acyl radical of 
the formula heterocyclo-substituted alkane-O-CO- 
wherein heterocyclo has the significance given above. 
The term "heteroaryloxycarbonyl" means an acyl 
radical represented by the formula heteroaryl-O-CO- 

25 wherein heteroaryl has the significance given above. 

The term "aminocarbonyl" (carboxamide) 
alone or in combination, means an amino -substituted 
carbonyl (carbamoyl) group derived from an amine 
reacted with a carboxylic acid wherein the amino 

3 0 (amido nitrogen) group is unsubstituted (-NH 2 ) or a 
substituted primary or secondary amino group 
containing one or two substituents selected from the 
group consisting of hydrogen, alkyl, aryl, aralkyl, 
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cycloalkyl, cycloalkylalkyl radicals and the like, as 
recited. A hydroxamate is a N-hydroxycarboxamide . 

The term "aminoalkanoyl" means an acyl 
group derived from an amino -substituted 
5 alkanecarboxylic acid wherein the amino group can be 
a primary or secondary amino group containing 
substituents independently selected from hydrogen, 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl 
radicals and the like. 

10 The term "halogen" means fluoride, 

chloride, bromide or iodide. The term "haloalkyl" 
means an alkyl radical having the significance as 
defined above wherein one or more hydrogens are 
replaced with a halogen. Examples of such haloalkyl 

15 radicals include chloromethyl, 1 -bromoethyl , 

f luoromethyl, dif luoromethyl , trif luoromethyl , 
1,1,1- trif luoroethyl and the like. 

The term "perf luoroalkyl" means an alkyl 
group wherein each hydrogen has been replaced by a 

20 fluorine atom. Examples of such perf luoroalkyl 

groups, in addition to trif luoromethyl above, are 
perf luorobutyl , perf luoroisopropyl , perf luorododecyl 
and perf luorodecyl . 

The term "perf luoroalkoxy " alone or in 

25 combination, means a perf luoroalkyl ether radical 

wherein the term perf luoroalkyl is as defined above. 
Examples of such perf luoroalkoxy groups, in addition 
to trif luoromethoxy (F 3 c-0-) , are perf luorobutoxy, 

perfluoroisopropoxy, perf luorododecoxy and 
3 0 perf luorodecoxy . 

The term "perf luoroalkyl thio" alone or in 
combination, means a perf luoroalkyl thioether radical 
wherein the term perf luoroalkyl is as defined above. 
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Examples of such perf luoroalkylthio groups, in 
addition to trif luoromethylthio (F3C-S-) , are 
perf luorobutylthio, perf luoroisopropylthio, 
perf luorododecylthio and perf luorodecylthio . 
5 The term "aromatic ring" in combinations 

such as substituted-aromatic ring sulfone or 
substituted-aromatic ring sulfoxide means aryl or 
heteroaryl as defined before. 

The term "pharmaceutically acceptable 11 is 

10 used adjectivally herein to mean that the modified 
noun is appropriate for use in a pharmaceutical 
product. Pharmaceutically acceptable cations include 
metallic ions and organic ions. More preferred 
metallic ions include, but are not limited to 

15 appropriate alkali metal (Group la) salts, alkaline 
earth metal (Group I la) salts and other physiological 
acceptable metal ions. Exemplary ions include 
aluminum, calcium, lithium, magnesium, potassium, 
sodium and zinc in their usual valences. Preferred 

20 organic ions include protonated tertiary amines and 
quaternary ammonium cations, including in part, 
trimethylamine, diethylamine, N, N 1 - 
dibenzylethylenediamine , chloroprocaine , choline , 
diethanolamine, ethyl enediamine, meglumine (N- 

25 methylglucamine) and procaine. Exemplary 

pharmaceutically acceptable acids include without 
limitation hydrochloric acid, hydrobromic acid, 
phosphoric acid, sulfuric acid, methanesulf onic acid, 
acetic acid, formic acid, tartaric acid, maleic acid, 

30 malic acid, citric acid, isocitric acid, succinic 
acid, lactic acid, gluconic acid, glucuronic acid, 
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pyruvic acid oxalacetic acid, fumaric acid, propionic 
acid # aspartic acid, glutamic acid, benzoic acid, and 
the like. 

"M" utilized in the reaction schemes that 
5 follow represents a leaving group such as halogen, 
phosphate ester or sulfate ester. 



10 Preparation q£ Useful CQWPQUndg 

Schemes A through C and Schemes 1 through 
19 hereinbelow illustrate chemical processes and 
transformations that can be useful for the 
preparation of compounds useful in this invention; 

15 i.e., compounds of formulas I, II, III, IV and V and 
similar cyclic inhibitors. In addition, the 
preparation of compounds of formula VI and formula 
VII is illustrated. Compounds of formula VI and 
formula VII can be used as intermediates in the 

20 preparation of the compounds of formulas I, II, III, 
IV and V or pro-drugs or MMP inhibitors. 

In Schemes A through C, the symbol J 
independently represents R 20 or other synthetically 
useful groups such as amides, acid chlorides, mixed 

2 5 anhydrides and the like. The n is 0, 1 or 2 and is 

preferred to be 1 or 2 in Scheme C. The n of these 
schemes corresponds to g in formulas VI and VII., and 
is zero, 1 or 2 . The symbol m is 1 or 2. The symbol 
r is independently 1, 2 or 3 . The symbol P 

3 0 represents a protecting group that can also be a 

member of the group R 6 . In Scheme A, for simplicity 
and clarity of illustration positional isomers are 
illustrated with a bond through the ring in standard 
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fashion. Later Schemes typically only show one 
positional isomer but positional isomers are 
represented by these structures and reactions in a 
manner consistent with Formula I, II, III, IV, V, VI, 
5 VII above. Similarly, the symbol B represents 0, S, 
SO, S0 2 and NR 6 . The symbols C and C f independently 
are electrophilic groups or groups capable of 
participating in a condensation reaction. Here to it 
should be noted that the six-membered ring is shown 

10 for illustrative purposes but the procedures and/or 
reagents are applicable to and represent combinations 
the permit the preparation of 5- to 8-membered rings. 

The structures in Schemes 1 through 19 are 
also shown with compounds that represent the other 

15 compounds of this invention. The aromatic ring in 

Scheme C is aryl and heteroaryl. The moieties of -A- 
R-E-Y are as defined before. Reactions illustrated 
involving a spiroheterocyclic nitrogen atom may not 
be applicable to those compounds with sulfur or 

20 oxygen. 
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Scheme A shows in step 1 the reduction of a 
heteraryl compound to a carboxyl derivative. 
Generally, the first product is a hydrogen- containing 
amine heterocycle when the starting material is 
5 aromatic or an R 6 - containing heterocycle when a 
partially unsaturated heterocycle is the starting 
material . 

Compound 2 can be treated in several ways 
depending on the needs of the chemist. In Step 2, 

10 the nitrogen can be protected by preparing, for 

example, a carbobenzoxy (Z) or tert-butoxycarbonyl 
derivative. Such acylations can be carried out by 
methods well known in the art, especially the art of 
amino acid and peptide synthesis. The process of 

15 acylation with activated carboxyl group- or activated 
sulfonyl group- containing reagents to prepare 
contemplated compounds is carried out in the same 
manner. Examples of such acylating groups are 
carbonyl azides, halides, anhydrides, mixed 

20 anhydrides, carbodiimide derivatives or other less 
traditional activated ester groups such as the 
hydroxybenzotriazole derivative. These acylations 
can be run in the presence of base including mild 
bases such as triethylamine or N-ethylmorpholine if 

2 5 desired. The preparation of some activated ester 
reagents and their use to prepare other compounds 
useful in this invention is discussed below. It 
should be recalled that the groups constituting P and 
serving as a selectively removable protecting group 

30 can also be included as part of the group R 6 . 

Step 4 of Scheme A shows the alkylation or 
acylation of Compound 2 to produce compound 5. The 
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process of acylation and alkylation are as discussed 
herein. In Step 5, the group J can be changed if 
desired. An example of such a change is exchange of 
an ester for a THP-protected hydroxamate conversion 
5 of a THP-protected hydroxamate inot a hydroxamate or 
conversion of an acid into a protected hydroxamate or 
the like. 

Steps 3, 7 and 8 show the preparation of 
sulfur-containing derivatives of the contemplated 

10 compounds or intermediates to those compounds. The 
starting material for the above steps (e.g., 
compounds 2, 5 and 6) can be treated with a base to 
deprotonate the carbon alpha to the carbonyl 
function. This anion can be reacted with a sulfur 

15 electrophile to produce a sulfone, sulfoxide or 

sulfide. Such electrophiles can be of the form of, 
for example, r24 s . sr 24 / R 24 s02 c lf R24 SCl/ R 24 SOCl/ 

R 24 S(0)-SR 24 and the like where R 24 is as defined 
before or is an aryl or heteroaryl sulfur-containing 

20 material containing a coupling substituent, R 3 1 , that 
can be used to prepare one of the R 24 -containing 
groups. Preparation of the anion requires a base and 
a strong base may be required such as one of the 
metal amides, hydrides or alkyls discussed herein. 

25 The solvents are nonprotic, and dipolar aprotic 
solvents are preferred along with an inert 
atmosphere. Subsequent schemes usually utilize R 3 
for the r24 group for ease of illustration. 

It should be noted that these processes 

3 0 produce sulfides (thio ethers) , sulfoxides or 
sulfones depending on starting material. In 
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addition, the sulfides can be oxidized to sulfoxides 
or sulfones, and the sulfoxides can be oxidized to 
their corresponding sulfone derivatives. The choice 
of position in the synthetic sequence to change the 
5 oxidation state of sulfur as well as the decision to 
change oxidation state is under the control of the 
chemist skilled in the art. Methods of oxidizing 
sulfur are discussed hereinbelow. 

Scheme A, Steps 6, 9, 10 and 12 

10 independently illustrate the inter conversion of 

groups within J. Examples of such interconversions 
include exchange of an ester for hydroxamic acid or 
hydroxamic acid derivative, conversion of a 
carboxylic acid into an activated carbonyl derivative 

15 or into a hydroxamic acid or hydroxamic acid 

derivative (pro-drug or protected derivative) , or 
removal of a protecting group from a hydroxamate 
derivative. The preparation of activated carbonyl 
compounds their reaction with nucleophiles such as 

20 hydroxamic acid, protected hydroxamates or hydroxamic 
acid pro-drugs is discussed below as is the 
conversion of protected hydroxamic acid derivatives 
into hydroxamic acids. The preparation of, for 
example, hydroxybenzotriazole/carbodiimide, derived 

25 products is discussed herein. The preparation or 

hydrolysis of esters, amides, amide derivatives, acid 
chlorides, acid anhydrides, mixed anhydrides and the 
like are synthetic methods very well known in the 
art, andare not discussed in detail herein. Step 6 

3 0 illustrates the conversion of compound 4 into 
compound 9, without first being converted into 
compound 7. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-97- 



Scheme B 
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5 Scheme B illustrates an alternate method of 

preparing contemplated compounds. The reagent shown 
above the arrow in Step 1 is a reagent with two 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-98- 

active groups in addition to the heteroatoms (B) 
noted before. Here again, the particular reagent 
illustrated was selected to permit a clear 
illustration of the reaction, but it is also intended 
5 to represent reagents that permit the preparation of 
the heteroatom position, and 5-, 7- and 8-membered 
ring size compounds. These reagents are readily 
selected by those skilled in the art. 

C and C f in this Step 1 reagent are 

10 independently an electophile or a group convertible 
into an elect rophile . Such groups include halides, 
sulfonic acid esters, epoxides, thioepoxides, 
hydroxyl groups, and the like. This reagent is 
reacted with a nucleophilic anion of a sulfur 

15 containing carbonyl compound such as compound 1. The 
anion is formed by deprotonation of compound 1 and 
examples of bases suitable for such a deprotonation 
are discussed below. Treatment with the above 
electrophilic reagent is carried out under alkylating 

20 conditions well known in the art and discussed 

herein. The product of this reaction can be either 
Compound 2 or Compound 3; i.e., the reaction can be 
carried out as a pot or two step process as required. 

Step 3 illustrates the interconversion of J 

25 groups if desired as discussed above for Scheme A. 

Step 4 uses reagent where C, for example, represents 
a nucleophile as discussed above and C 1 represents an 
electrophile or a nucleophile such as hydroxyl, thiol 
or R 6 - amino. It is noted that C ! can be, 

3 0 independently, a nucleophile or an electrophile when 
m is 2; i.e., the C groups are not required to be 
the same when m is 2. When m is 2, treatment with a 
second mole of base provides the skilled chemist an 
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alternative preparation of Compound 5. When C is 
hydroxy! , thiol, or R 6 -amino and m is 2, the person 
skilled in the art can condense Compound 4 with, for 
example, an aldehyde or ketone, under reductive 
5 conditions or with subsequent reduction to form a 
contemplated compound. As above, the compound where 
m is 2 can be made in one step (one pot process) or 
two steps, thus permitting the chemist the choice of 
having the reagent (s) be the same (one pot) or 

10 different (two step) . 

Scheme B also illustrates the 
interconver3ions of the groups within J, the 
oxidation state of the sulfur and groups on nitrogen; 
i.e., R 6 groups, to provide the contemplated 

15 compounds. These methods and processes are discussed 
above for the reactions of Scheme A. 



Scheme C 
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Scheme C illustrates the nucleophilic 
displacement of a group D as defined herein. This 
reaction is carried out in a similar manner to the 
5 displacement reactions discussed herein. The choice 
of oxidation state of the sulfur is made by the 
person skilled in the art, but sulfoxide or sulfone 
groups are preferred, and the sulfone is most 
preferred. The displacement can be carried out 

10 either before or after the methylene next to the 
carbonyl group is reacted to form a spiro 
heterocyclic group. 

Steps 1, 2 and 3 also illustrate that 
although the nucleophilic displacement can be carried 

15 out with one nucleophile (Nu) , the product of this 

reaction can be modified by methods well known in the 
art and as shown herein to provide the group -A-R-E-Y 
as defined hereinbefore. 

A non- limiting illustration of such a 

20 process is provided when D is fluoride. The fluoride 
leaving group can be directly displaced with the 
anion of 4-trif luoromethylphenol , 4- 
trif luoromethoxyphenol, 4-trif luoromethylthiophenol 
and the like to provide a contemplated compound. 

25 This is a one pot process from Compound 4. Other 
compounds included in -A-R-E-Y can be prepared by 
displacing the fluoride leaving group with ammonia to 
provide an amine, which can then be acylated by 
methods discussed wherein with, for example, 4- 

30 trif luoromethylbenzoyl chloride, to form another 
contemplated product compound. 
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The R 6 function can be changed and/or 
further modified in compounds or at steps in the 
Schemes as desired or required by the person skilled 
in the art to prepare the contemplated compounds. 
5 Interconversion of dual purpose functional groups 
such as short or long term protecting groups into 
other R 6 groups has been mentioned. Many other 
routine and/or useful conversions, including the 
preparation of synthetic intermediates, are very well 

10 known in the art. A few non-limiting examples of 
such conversions or reactions include: reductions; 
nucleophilic displacement/substitution reactions; 
exchange or preparation of carboxylic or sulfonic 
acids, amides, esters, acid halides, mixed anhydrides 

15 and the like; electrophilic displacement/substitution 
reactions; oxidations; ring/chain conversions, ring 
opening reactions, condensation reactions including 
those involving sulfonyl or carbonyl groups and/or 
carbon-hydrogen bonds influenced by either or both of 

20 those groups. The selection of preparative methods 
or conversion methods of the contemplated compounds 
and the order of the reaction (s) is made by the 
skilled person. It is expected that should a 
particular sequence or method prove to be undesirable 

25 that an alternative will be selected and used. 

Included is the choice of preparing/adding the groups 
in a single step using a convergent inhibitor 

strategy or preparing the final R 6 group following a 

stepwise strategy. 
30 Thus, in general, the choices of starting 

material and reaction conditions can vary as is well 

known to those skilled in the art. Usually, no 
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single set of conditions is limiting because 
variations can be applied as required. Conditions 
are also selected as desired to suit a specific 
purpose such as small scale preparations or large 
5 scale preparations. In either case, the use of less 
safe or less environmentally sound materials or 
reagents is usually be minimized. Examples of such 
materials are diazomethane, diethyl ether, heavy 
metal salts, dimethyl sulfide, chloroform, benzene 
10 and the like. 

These reactions can be carried out under a 
dry inert atmosphere such a nitrogen or argon if 
desired. Selected reactions known to those skilled 
in the art, can be carried out under a dry atmosphere 

15 such as dry air whereas other synthetic steps, for 
example, aqueous acid or base ester or amide 
hydrolysis, can be carried out under laboratory air. 
In addition, some processes of these syntheses can be 
carried out in a pressure apparatus at pressures 

20 above, equal to or below atmospheric pressure. The 
use of such an apparatus aids in the control of 
gaseous reagents such as hydrogen, ammonia, 
trimethylamine, methylamine, oxygen and the like, and 
can also help prevent the leakage of air or humidity 

25 into a reaction in progress. This discussion is not 
intended to be exhaustive as it is readily noted that 
additional or alternative methods, conditions, 
reactions or systems can be identified and used by a 
chemist of ordinary skill. 

30 The illustrated reactions are usually 

carried out at a temperature of between -25°C to 
solvent reflux under an inert atmosphere such as 
nitrogen or argon. The solvent or solvent mixture 
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can vary widely depending upon reagents and other 
conditions and can include polar or dipolar aprotic 
solvents as listed or mixtures of these solvents. 
Reactions can be carried out at lower temperatures 
5 such as dry ice/acetone or liquid nitrogen 

temperature if desired to carry out such reactions as 
metalations or anion formations using strong bases. 

In some cases, amines such as 
triethylamine, pyridine or other non-reactive bases 

10 can serve as reagents and/or solvents and/or co- 
solvents. In some instances, in these reactions and 
other reactions in these Schemes, protecting groups 
can be used to maintain or retain groups in other 
parts of a molecule (s) at locations that is (are) not 

15 desired reactive centers. Examples of such groups 
that the skilled person can maintain or retain 
include, amines, other hydroxyls, thiols, acids and 
the like. Such protecting groups can include acyl 
groups, arylalkyl groups, carbamoyl groups, ethers, 

20 alkoxyalkyl ethers, cycloalkyloxy ethers, arylalkyl 
groups, silyl groups including trisubstituted silyl 
groups, ester groups and the like. Examples of such 
protecting groups include acetyl, trif luoroacetyl , 
tetrahydropyran (THP) , benzyl, tert-butoxy carbonyl 

25 (BOC or TBOC) , benzyloxycarbonyl (Z or CBZ) , tert- 

butyldimethylsilyl (TBDMS) or methoxyethoxymethylene 
(MEM) groups. The preparation of such protected ' 
compounds as well as their removal is well known in 
the art. The protecting groups can also be used as 

30 substituents in the contemplated compounds whose 
utility is as a drug rather than as a synthetic 
intermediate. 
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Many reactions or processes involve bases 
that can act as reactants, reagents, deprotonating 
agents, acid scavengers, salt forming reagents, 
solvents, co-solvents and the like. Bases that can 
5 be used include, for example, metal hydroxides such 
as sodium, potassium, lithium, cesium or magnesium 
hydroxide, oxides such as those of sodium, potassium, 
lithium, calcium or magnesium, metal carbonates such 
as those of sodium, potassium, lithium, cesium, 

10 calcium or magnesium, metal bicarbonates such as 

sodium bicarbonate or potassium bicarbonate, primary 
(1°), secondary (11°) or tertiary (III 0 ) organic 
amines such as alkyl amines, arylalkyl amines, 
alkylarylalkyl amines, heterocyclic amines or 

15 heteroaryl amines, ammonium hydroxides or quaternary 
ammonium hydroxides. As non-limiting examples, such 
amines can include triethylamine, trimethylamine, 
di i sop ropy 1 amine, methyldiisopropylamine, 
diazabicyclononane , tribenzylamine , 

2 0 dimethylbenzyl amine, morpholine, N-methylmorpholine , 

N,N' -dimethylpiperazine, N-ethylpiperidine , 1,1,5,5- 
t etramethylpiperidine , dimethylaminopyridine , 
pyridine, quinoline, tetramethylethylenediamine, and 
the like. Non-limiting examples of ammonium 
25 hydroxides, usually made from amines and water, can 
include ammonium hydroxide, triethylammonium 
hydroxide, trimethylammonium hydroxide, 
methyldiiospropylammonium hydroxide , 
tribenzylammonium hydroxide, dimethylbenzylammonium 

3 0 hydroxide, morpholinium hydroxide, N- 

methylmorpholinium hydroxide, N, N 1 - 

dimethylpiperazinium hydroxide, N-ethylpiperidinium 
hydroxide, and the like. As non-limiting examples, 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-105- 

quaternary ammonium hydroxides can include 
tetraethylammonium hydroxide, tetrame thy 1 ammonium 
hydroxide, dimethyldiiospropyl -ammonium hydroxide, 
benzylmethyldiisopropylammonium hydroxide , 
5 methyldiazabicyclononylammonium hydroxide, 

methyl tribenzylammonium hydroxide, N,N-dimethyl- 
morpholiniumhydroxide, N,N,N , ,N I - 

tetramethylpiperazinium hydroxide, and N-ethyl-N'- 
hexylpiperidinium hydroxide and the like. 

10 Metal hydrides, amides or alcoholates such 

as calcium hydride, sodium hydride, potassium 
hydride, lithium hydride, aluminum hydride, 
diisobutylaluminum hydride (DIBAL) sodium methoxide, 
potassium tert-butoxide, calcium ethoxide, magnesium 

15 ethoxide, sodium amide, potassium diisopropyl amide 
and the like can also be suitable reagents. 
Organometallic deprotonating agents such as alkyl or 
aryl lithium reagents such as methyl lithium, phenyl 
lithium, tert -butyl lithium, lithium acetylide or 

20 butyl lithium, Grignard reagents such as 

methylmagnesium bromide or methymagnesium chloride, 
organocadmium reagents such as dimethylcadmium and 
the like can also serve as bases for causing salt 
formation or catalyzing the reaction. Quaternary 

25 ammonium hydroxides or mixed salts are also useful 
for aiding phase transfer couplings or serving as 
phase transfer reagents. Pharmaceutical ly acceptable 
bases can be reacted with acids to form contemplated 
pharmaceutical^ acceptable salts. It should also be 

30 noted that optically active bases can be used to make 
optically active salts which can be used for optical 
resolutions . 
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Generally, reaction media can comprise a 
single solvent, mixed solvents of the same or 
different classes or serve as a reagent in a single 
or mixed solvent system. The solvents can be protic, 
5 non-protic or dipolar aprotic. Non-limiting examples 
of protic solvents include water, methanol (MeOH) , 
denatured or pure 95% or absolute ethanol, 
isopropanol and the like. Typical non-protic 
solvents include acetone, tetrahydrofuran (THF) , 

10 dioxane, diethyl ether, tert-butylmethyl ether 
(TBME) , aromatics such as xylene, toluene, or 
benzene, ethyl acetate, methyl acetate, butyl 
acetate, trichloroethane, methylene chloride, 
ethylenedichloride (EDO, hexane, heptane, isooctane, 

15 cyclohexane and the like. Dipolar aprotic solvents 
include compounds such as dimethyl f ormamide (DMP) , 
dime thylacet amide (DMAc) , acetonitrile, DMSO, 
hexamethylphosphorus triamide (HMPA) , nitromethane, 
tetramethylurea, N-methylpyrrolidone and the like. 

20 Non- limiting examples of reagents that can be used as 
solvents or as part of a mixed solvent system include 
organic or inorganic mono- or mult i -protic acids or 
bases such as hydrochloric acid, phosphoric acid, 
sulfuric acid, acetic acid, formic acid, citric acid, 

25 succinic acid, triethylamine, morpholine, N- 

methylmorpholine, piperidine, pyrazine, piperazine, 
pyridine, potassium hydroxide, sodium hydroxide, 
alcohols or amines for making esters or amides or 
thiols for making contemplated products and the like. 

30 The preparation of compounds contemplated 

herein can require the oxidation of nitrogen or 
sulfur to N-oxide derivatives or sulfoxides or 
sulfones.. Reagents for this process can include, in 
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a non-limiting example, peroxymonosulfate (OXONE®) , 
hydrogen peroxide, meta-chloroperbenzoic acid, 
perbenzoic acid, peracetic acid, perlactic acid, 
tert -butyl peroxide, tert -butyl hypochlorite, sodium 
5 hydpochlorite, hypochlorous acid, sodium meta- 

periodate, periodic acid and the like with the weaker 
agents being most useful for the preparation of 
sulfones and sulfoxides. Protic, non-protic, dipolar 
aprotic solvents, either pure or mixed, can be 

10 chosen, for example, methanol /water . 

The oxidation can be carried out at 
temperature of about -78° to about 50° degrees 
. Centigrade, and normally selected from a range -10°C 
to about 4 0°C. Sulfoxides are best prepared using 

15 one equivalent of oxidizing agent. It can be 
desirable in the case of more active oxidizing 
agents, but not required, that the reactions be 
carried out under an inert gas atmosphere with or 
without degassed solvents. It should be noted that 

20 the oxidation of sulfides to sulfones can be carried 
out in one step or two steps via the sulfoxide as 
desired by the chemist. 

Reduction is a well known process in the 
art with a useful method being hydrogenation. In 

25 such cases (catalytic reduction) , there can be a 
metal catalyst such as Rh, Pd, Pt, Ni or the like 
with or without an additional support such as carbon, 
barium carbonate and the like. Solvents can be 
protic or non-protic pure solvents or mixed solvents 

3 0 as required. The reductions can be carried out at 
atmospheric pressure to a pressure of multiple 
atmospheres with atmospheric pressure to about 4 0 
pounds per square inch (psi) preferred or very high 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-108- 

pressures in special hydrogenation equipment well 
known in the art. 

Reductive alkylation of amines or active 
methylene compounds is also a useful method of 
5 preparing compounds. Such alkylations can be carried 
out under reductive hydrogenation conditions as 
presented above using, for example, aldehydes or 
ketones. Hydride transfer reagents such as sodium 
cyanoborohydride , aluminum hydride, lithium 

10 aluminumhydride , borane, sodium borohydride, di- 

isobutylaluminum hydride and the like are also useful 
as reagents for reductive alkylation. Acyl groups 
can be reduced in a similar manner to produce 
substituted amines. 

15 Alternative methods of alkylating carbon or 

nitrogen are direct alkylation. Such an alkylation, 
as is well known in the art, can be carried by 
treatment of an activated carbon containing at least 
one hydrogen with base to form the corresponding 

20 anion, adding an elect rophilic reagent and permitting 
the SN2 reaction to proceed. An amine to be 
alkylated is treated similarly except that 
deprotonation may not be required. Electrophiles 
include halogen derivatives, sulfonate esters, 

25 epoxides and the like. 

Bases and solvents for alkylation reactions 
are those discussed above. Preferred are bases that 
are hindered such that competition with the 
electrophile is minimized. Additional preferred 

30 bases are metal hydrides, amide anions or 

organometallic bases such as n-butyl lithium. The 
solvents, solvent mixtures or solvent /reagent 
mixtures discussed are satisfactory but non-protic or 
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dipolar aprotic solvents such as acetone, 
acetonitrile, DMF and the like are examples of 
preferred classes. 

Acids are used in many reactions during 
5 various syntheses. For example, removal of the THP 
protecting group to produce the hydroxamic acid. The 
acid can be a mono-, di- or tri-protic organic or 
inorganic acid. Examples of acids include 
hydrochloric acid, phosphoric acid, sulfuric acid, 

10 acetic acid, formic acid, citric acid, succinic acid, 
hydrobromic acid, hydrofluoric acid, carbonic acid, 
phosphorus acid, p-toluene sulfonic acid, 
trif luoromethane sulfonic acid, trif luoroacetic acid, 
difluoroacetic acid, benzoic acid, methane sulfonic 

15 acid, benzene sulfonic acid, 2 , 6-dimethylbenzene 
sulfonic acid, trichloroacetic acid, nitrobenzoic 
acid, dinitrobenzoic acid, trinitrobenzoic acid, and 
the like. They can also be Lewis acids such as 
aluminum chloride, borontri fluoride, antimony 

20 pentaf luoride and the like. Acids in a protic can 

also be used to hydrolyze esters, amides and the like 
as well as catalyze exchange reactions. 

Conversion of a carboxylic acid protected 
as an ester or amide into a hydroxamic acid or 

25 hydroxamic acid derivative such as an O- 

arylalkylether or O-cycloalkoxyalkylether group is 
useful. In the case where hydroxylamine is used, 
treatment of an ester or amide with one or more 
equivalents of hydroxylamine hydrochloride at room 

30 temperature or above in a solvent or solvents, 

usually protic or partially protic, such as those 
listed above can provide a hydroxamic acid directly. 
This exchange process can be further catalyzed by the 
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addition of additional acid. Alternatively, a base 
such as a salt of an alcohol used as a solvent, for 
example, sodium methoxide in methanol, can be used to 
form hydroxylamine from hydroxylamine hydrochloride 
5 in situ which can exchange with an ester or amide. 
As mentioned above, exchange can be carried out with 
a protected hydroxyl amine such as 
tetrahydropyranylhydroxyamine ( THPONH2 ) > 
benzylhydroxyl amine (BnONH 2 ) , and the like in which 

10 case compounds such as shown in Schemes A, B and c 
that are tetrahydropyranyl <THP) or benzyl (Bn) 
hydroxamic acid derivatives are the products. 
Removal of the protecting groups when desired, for 
example, following further transformations in another 

15 part of the molecule or following storage, is 

accomplished by standard methods well known in the 
art such as acid hydrolysis of the THP group as 
discussed above or reductive removal of the benzyl 
group with hydrogen and a metal catalyst such as 

20 palladium, platinum, palladium on carbon or nickel. 

In the case where R 20 is hydroxyl; i.e., 
where the intermediate is a carboxylic acid, standard 
coupling reactions can be used. For example, the 
acid can be converted into an acid chloride, mixed 

25 anhydride or activated ester such as 

hydroxybenzotriazole and treated with hydroxylamine 
or a protected hydroxylamine in the presence of a 
non- competitive base to the nitrogen acylated 
compound. This is the same product as discussed 

30 above. Couplings of this nature are well known in 

the art and especially the art related to peptide and 
amino acid chemistry. 
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Compounds contemplated herein can possess 
one or more asymmetric carbon atoms and are thus 
capable of existing in the form of optical isomers, 
enantiomers, diastereoisomers, as well as in the form 
5 of racemic or nonracemic mixtures. A compound can 
also exist in other isomeric forms such as ortho, 
meta and para isomers, cis and trans isomers, syn and 
anti isomers, E and Z isomers, tautomeric isomers, 
alpha and beta isomers, axial and equatorial isomers 

10 and isomers due to hindered rotation. An isomer can 
exist in equilibrium with another isomer in a mammal 
or a test system. Such a compound can also exist as 
an isomeric equilibrium system with a solvent or 
water, for example, as a hydrated ketone or aldehyde, 

15 as is well known in the art. All isomers are 
included as compounds of this invention. 

The chemical reactions described above are 
generally disclosed in terms of their broadest 
application to the preparation of the compounds of 

2 0 this invention. Occasionally, the reactions may not 
be applicable as described to each compound included 
within the disclosed scope. The compounds for which 
this occurs will be readily recognized by those 
skilled in the art. In all such cases, either the 

25 reactions can be successfully performed by 

conventional modifications known to those skilled in 
the art, e.g., by appropriate protection of 
interfering groups, by changing to alternative 
conventional reagents, by routine modification of 

30 reaction conditions, and the like, or other reactions 
disclosed herein or otherwise conventional, are 
applicable to the preparation of the corresponding 
compounds that are contemplated. 
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Scheme 5 
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Scheme 6 
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Scheme 8 
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Scheme 10 
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Scheme 12 
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Scheme 13 

a similar manner, the following analogs can be made. 
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Scheme15 
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Scheme 16 
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Scheme 17 
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Scheme 18 
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Scheme 19 
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Table 1 through Table 150, below, show 
several contemplated aromatic sulfone hydroxamic acid 
inhibitor compounds or structural formulas that 
illustrate substituent groups. Each group of 
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compounds is illustrated by a generic formula, or 
formulae, followed by a series of preferred moieties 
or groups that constitute various substituents that 
can be attached at the position clearly shown in the 
5 generic structure. The substituent symbols, e.g., Rl 
and R2 and R3, are as shown in each Table, and are 
typically not those used before. One or two bonds 
(wavy lines) are shown with those substituents to 
indicate the respective positions of attachment in 

10 the illustrated compound. This system is well known 
in the chemical communication arts and is widely used 
in scientific papers and presentations. For example 
in Table 2, Rl and R2 together with the atoms to 
which they are bonded is the variable group with the 

15 structural entities that can substitute for Rl and R2 
together shown in the balance of that table. 

20 
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Table 1 
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Table 2 
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Table 3 

CH 3 
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Table4 
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Table 6 
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Table 7 
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Table 9 

CH 3 
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Table 10 
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Table 12 
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Table 14 
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Table 15 
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Table 16 
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Table 17 
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Table 19 
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Table24 
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Table 25 
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Table 26 
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5 

A contemplated inhibitor compound is used 
for treating a host mammal such as a mouse, rat, 
rabbit, dog, horse, primate such as a monkey, 
10 chimpanzee or human that has a condition associated 
with pathological matrix metalloprotease activity. 

Also contemplated is use of a contemplated 
metalloprotease inhibitor compound in the treatment 
of a disease state that can be affected by the 
15 activity of metal loprot eases TNF-ct convertase. 
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Exemplary of such disease states are the acute phase 
responses of shock and sepsis, coagulation responses, 
hemorrhage and cardiovascular effects, fever and 
inflammation, anorexia and cachexia. 
5 In treating a disease condition associated 

with pathological matrix metalloproteinase activity, 
a contemplated MMP inhibitor compound can be used in 
the form of an amine salt derived from an inorganic 
or organic acid. Exemplary salts include but are not 

10 limited to the following: acetate, adipate, alginate, 
citrate, aspartate, benzoate, benzenesulf onate, 
bisulfate, butyrate, camphorate, camphor sulfonate, 
digluconate, cyclopentanepropionate , dodecylsulf ate, 
ethanesul f onate , glucohept anoate , glycerophosphate , 

15 hemisulfate, heptanoate, hexanoate, fumarate, 

hydrochloride , hydrobromide , hydroiodide , 2 - hydroxy - 
ethanesul f onate, lactate, maleate, methanesulf onate, 
nicotinate, 2 -naphthalenesulf onate, oxalate, 
palmoate , pectinate , persul f ate , 3 -phenylpropionate , 

20 picrate, pivalate, propionate, succinate, tartrate, 
thiocyanate, tosylate, mesylate and undecanoate. 

Also, a basic nitrogen- containing group can 
be quaternized with such agents as lower alkyl 
halides, such as methyl, ethyl, propyl, and butyl 

25 chloride, bromides, and iodides; dialkyl sulfates 

like dimethyl, diethyl, dibuytl, and diamyl sulfates, 
long chain halides such as decyl, lauryl, myristyl 
and stearyl chlorides, bromides and iodides, aralkyl 
halides like benzyl and phenethyl bromides, and 

30 others to provide enhanced water- solubility. Water 
or oil-soluble or dispersible products are thereby 
obtained as desired. The salts are formed by 
combining the basic compounds with the desired acid. 
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Other compounds useful in this invention 
that are acids can also form salts. Examples include 
salts with alkali metals or alkaline earth metals, 
such as sodium, potassium, calcium or magnesium or 
5 with organic bases or basic quaternary ammonium 
salts . 

In some cases, the salts can also be used 
as an aid in the isolation, purification or 
resolution of the compounds of this invention. 

10 Total daily dose administered to a host 

mammal in single or divided doses can be in amounts, 
for example, for 0.001 to 30 mg/kg body weight daily 
and more usually 0.01 to 10 mg. Dosage unit 
compositions can contain such amounts or submultiples 

15 thereof to make up the daily dose. A suitable dose 
can be administered, in multiple sub-doses per day. 
Multiple doses per day can also increase the total 
daily dose, should this be desired by the person 
prescribing the drug. 

20 The dosage regimen for treating a disease 

condition with a compound and/or composition of this 
invention is selected in accordance with a variety of 
factors, including the type, age, weight, sex, diet 
and medical condition of the patient, the severity of 

25 the disease, the route of administration, 

pharmacological considerations such as the activity, 
efficacy, pharmacokinetic and toxicology profiles of 
the particular compound employed, whether a drug 
delivery system is utilized and whether the compound 

3 0 is administered as part of a drug combination. Thus, 
the dosage regimen actually employed can vary widely 
and therefore can deviate from the preferred dosage 
regimen set forth above. 
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A compound of the present invention can be 
formulated as a pharmaceutical composition. Such a 
composition can then be administered orally, 
parenterally, by inhalation spray, rectally, or 
5 topically in dosage unit formulations containing 
conventional nontoxic pharmaceutically acceptable 
carriers, adjuvants, and vehicles as desired. 
Topical administration can also involve the use of 
transdermal administration such as transdermal 

10 patches or iontophoresis devices. The term 

parenteral as used herein includes subcutaneous 
injections, intravenous, intramuscular, intrasternal 
injection, or infusion techniques. Formulation of 
drugs is discussed in, for example, Hoover, John E . , 

15 Remington's Pharmaceutical Sciences . Mack Publishing 
Co., Easton, Pennsylvania; 1975 and Liberman, H.A. 
and Lachman, L. , Eds., Pharmaceutical Do sage Forms . 
Marcel Decker, New York, N.Y., 1980. 

Injectable preparations, for example, 

2 0 sterile injectable aqueous or oleaginous suspensions 

can be formulated according to the known art using 
suitable dispersing or wetting agents and suspending 
agents. The sterile injectable preparation can also 
be a sterile injectable solution or suspension in a 
25 nontoxic parenterally acceptable diluent or solvent, 
for example, as a solution in 1, 3-butanediol . Among 
the acceptable vehicles and solvents that can be 
employed are water, Ringer's solution, and isotonic 
sodium chloride solution. In addition, sterile, 

3 0 fixed oils are conventionally employed as a solvent 

or suspending medium. For this purpose any bland 
fixed oil can be employed including synthetic mono- 
or diglycerides . In addition, fatty acids such as 
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oleic acid find use in the preparation of 
injectables. Dimethyl acetamide, surfactants 
including ionic and non- ionic detergents, 
polyethylene glycols can be used. Mixtures of 
5 solvents and wetting agents such as those discussed 
above are also useful. 

Suppositories for rectal administration of 
the drug can be prepared by mixing the drug with a 
suitable nonirritating excipient such as cocoa 

10 butter, synthetic mono- di- or triglycerides, fatty 
acids and polyethylene glycols that are sold at 
ordinary temperatures but liquid at the rectal 
temperature and will therefore melt in the rectum and 
release the drug. 

15 Solid dosage forms for oral administration 

can include capsules, tablets, pills, powders, and 
granules. In such solid dosage forms, the compounds 
of this invention are ordinarily combined with one or 
more adjuvants appropriate to the indicated route of 

20 administration. If administered oer os . a 

contemplated aromatic sulfone hydroximate inhibitor 
compound can be admixed with lactose, sucrose, starch 
powder, cellulose esters of alkanoic acids, cellulose 
alkyl esters, talc, stearic acid, magnesium stearate, 

25 magnesium oxide, sodium and calcium salts of 

phosphoric and sulfuric acids, gelatin, acacia gum, 
sodium alginate, polyvinylpyrrolidone, and/or 
polyvinyl alcohol, and then tableted or encapsulated 
for convenient administration. Such capsules or 

3 0 tablets can contain a controlled-release formulation 
as can be provided in a dispersion of active compound 
in hydroxypropylmethyl cellulose. In the case of 
capsules, tablets, and pills, the dosage forms can 
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also comprise buffering agents such as sodium 
citrate, magnesium or calcium carbonate or 
bicarbonate. Tablets and pills can additionally be 
prepared with enteric coatings, 
5 For therapeutic purposes, formulations for 

parenteral administration can be in the form of 
aqueous or non-aqueous isotonic sterile injection 
solutions or suspensions. These solutions and 
suspensions can be prepared from soerile powders or 

10 granules having one or more of the carriers or 

diluents mentioned for use in the formulations for 
oral administration. A contemplated aromatic sulfone 
hydroximate inhibitor compound can be dissolved in 
water, polyethylene glycol, propylene glycol, 

15 ethanol, corn oil, cottonseed oil, peanut oil, sesame 
oil, benzyl alcohol, sodium chloride, and/or various 
buffers. Other adjuvants and modes of administration 
are well and widely known in the pharmaceutical art. 

Liquid dosage forms for oral administration 

2 0 can include pharmaceutical^ acceptable emulsions, 
solutions, suspensions, syrups, and elixirs 
containing inert diluents commonly used in the art, 
such as water. Such compositions can also comprise 
adjuvants, such as wetting agents, emulsifying and 

25 suspending agents, and sweetening, flavoring, and 
perfuming agents. 

The amount of active ingredient that can be 
combined with the carrier materials to produce a 
single dosage form varies depending upon the 

30 mammalian host treated and the particular mode of 
administration . 

Best Mode For Carrying out The i nvention 
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Without further elaboration, it is believed 
that one skilled in the art can, using the preceding 
description, utilize the present invention to its 
fullest extent. The following preferred specific 
5 embodiments are, therefore, to be construed as merely 
illustrative, and not limiting of the remainder of 
the disclosure in any way whatsoever. 

Example 1: Preparation of N-hydroxy-2- [ (4- 
0 Phenoxvphenvl) sulfonvll acet amide 



HOHN 




Part A: To a solution of 3 -bromopyruvic 
15 acid hydrate (1.95 g, 11.7 mmol) cooled to zero 
degrees Celsius in methanol (50 mL) was added 4- 
(phenoxy)benzenethiol (2.35 g, 11.7 mmol). The 
solution was stirred for 15 minutes followed by 
concentration in vacuo. The residue was partitioned 
20 between ethyl acetate and H 2 0 and the organic layer 
was dried over magnesium sulfate. Concentration in 
vacuo provided the crude sulfide as a yellow solid 
that was used without any additional purification. 

Part B: To a solution of the crude sulfide 
25 of part A (1.2 g, <2.6 mmol) in methanol/H 2 0 cooled to 
zero degrees Celsius was added Oxone® (3.5 g, 5.72 
mmol) . The solution was stirred for 1 hour followed 
by removal of excess Oxone® by filtration. The 
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filtrate was concentrated and the residue was 
dissolved into ethyl acetate and washed with 
saturated NaHC0 3 and saturated NaCl and dried over 
magnesium sulfate. After concentration in vacuo the 
5 resulting residue was dissolved into methanol and 
thionyl chloride (1.9 mL, 26 mmol) was added. 
Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfone as a solid (350 mg, 44%). MS (CI) 
MH* calculated for C 15 H 14 O s S : 3 07, found 3 07. 

10 Part C: To a solution of the sulfone (350 

mg, 1.1 mmol) in methanol (2 mL) and THF (THF; 2 mL) 
was added 50 percent aqueous hydroxylamine (1 mL) . 
The solution was stirred overnight. Trituration with 
ethyl acetate provided the title compound as a white 

15 solid (270 mg, 77%). HPLC purity: >97%. MS(CI) MH* 
calculated for C 14 H 13 NO s S : 308, found 308. 

Example 2: Preparation of N-hydroxy-2 -methyl -2- [ (4- 
Phenoxyphen Y l) gui f onyll propanamjde 

20 



HOHN 




Part A: To a solution of 4- 
(phenoxy) benzenethiol (3.8 g, 18.8 mmol) in methanol 
25 (60 mL) cooled to zero degrees Celsius was added t- 
butyl bromoacetate (2.8 mL, 18.8 mmol) and 
triethylamine (2.6 mL, 19.0 mmol). The solution was 
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stirred for 30 minutes and was then concentrated in 
vacuo. The residue was partitioned between ethyl 
acetate and H 2 0 and the organic layer was washed with 
saturated NaCl and dried over magnesium sulfate. 
5 Concentration in vacuo provided the sulfide as an 

oil. To a solution of the sulfide in dichloromethane 
(85 mL) was added m-chloroperbenzoic acid (13.8 g, 
43.2 mmol) over 15 minutes. The solution was stirred 
at ambient temperature for 2 hours. The reaction was 

10 quenched by the addition of aqueous Na 2 S0 3 . After 30 
minutes the solution was filtered through Celite®. 
The filtrate was washed with 25 percent aqueous 
hydroxylamine, IN HCl, and saturated NaCl and dried 
over magnesium sulfate. Chromatography (on silica, 

15 ethyl acetate/hexane) provided the sulfone as a white 
solid (4.0 g, 68%) . 

Part B: To a solution of the sulfone of 
part A (3.2 g, 9.2 mmol) in THF (65 mL) cooled to 
zero degrees Celsius was added sodium hydride (73 0 mg 

20 of a 60 percent dispersion in mineral oil, 18.4 
mmol) . After 10 minutes, methyl iodide (2.28 mL, 
36.8 mmol) was added dropwise and the mixture was 
stirred for 18 hours at ambient temperature. The 
reaction was quenched with H 2 0 and concentrated in 

25 vacuo. The aqueous residue was diluted with ethyl 

acetate and the organic phase was washed with H 2 0 and 
dried over Na 2 S0 4 . Concentration in vacuo provided 
the dimethyl compound as an off-white solid (3.2 g, 
92%) . HPLC purity: 95%. 

30 Part C: To a solution of the dimethyl 

compound of part B (3.2 g, 8.5 mmol) in anisole (10 
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mL) was added trif luoroacetic acid (30 mL) and the 
solution was stirred for 30 minutes. Concentration 
in vacuo followed by trituration (ethyl ether) 
provided the acid as a white solid (750 mg, 28%) . 
5 HPLC purity: 99%. MS (CI) MH + calculated for C 16 H 16 0 5 S: 
321, found 321. 

Part D: To a solution of the acid of part 
C (723 mg, 2.26 mraol) in DMF (DMF; 4.5 mL) was added 
N-hydroxybenzotriazole«H 2 0 (HOBT; 366 mg, 2.71 mmol) 

10 and 1- (3-dimethylaminopropyl) -3 -ethylcarbodiimide 
hydrochloride (EDC; 476 mg, 2.49 mmol). After the 
solution was stirred for 1 hour at ambient 
temperature 50 percent aqueous hydroxylamine (0.40 
mL, 6.8 mmol) was added. After 15 minutes the 

15 solution was partitioned between ethyl acetate and 
H 2 0. The organic layer was washed with H 2 0 and 
saturated NaCl and dried over Na 2 S0 4 . Reverse phase 
chromatography (on silica, acetonitrile/H 2 0) provided 
the title compound as a white foam (434 mg, 57%) . 

20 HPLC purity: 99%. MS (CI) M+Li + calculated for 
C 16 H 17 N0 5 0: 342, found 342. 

Example 3: Preparation of 1, 1-dimethylethyl ester 
4- [ (hydroxyamino) carbonyl] -4- 
25 t (phenoxyphenyl) -sulfonyl] -1- 

piperidinecarboxvlic acid 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCTAJS98/23242 



-289- 



HOHN 




T IN* 

O CH 3 



Part A: A solution of 4- (phenoxy) benzenethiol 
(2.03 g, 10.0 mmol) in DMSO (DMSO; 20 mL) was heated 
5 to sixty-five degrees Celsius for 5 hours. The 
solution remained at ambient temperature for 18 
hours. The solution was extracted with ethyl acetate 
and the combined organic layers were washed with H 2 0 
and saturated NaCl and dried over magnesium sulfate. 

10 Concentration in vacuo provided the disulfide as a 
yellow oil (2.3 g, quantitative yield). 

Part B: To a solution of ethyl 
isonipecotate (15.7 g, 0.1 mol) in THF (100 mL) was 
added a solution of di-tert -butyl dicarbonate (21.8 

15 g, 0.1 mol) in THF (5 mL) dropwise over 20 minutes. 
The solution was stirred overnight at ambient 
temperature and concentrated in vacuo to yield a 
light oil. The oil was filtered through silica gel 
(7:3 ethyl acetate/hexanes) and concentrated in vacuo 

20 to give the BOC- piper idine compound (26.2 g, 
quantitative yield) as a clear, colorless oil. 

Part C: To a solution of diisopropylamine 
(2.8 mL, 20 mmoL) in THF (30 mL) , cooled to minus 
seventy-eight degrees Celsius, was added n-butyl 

25 lithium (12.5 mL, 20 mmol) dropwise. After 15 
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minutes, the BOC-piperidine compound of part B (2.6 
g, 10 mmol) in THF (10 mL) was added dropwise. After 
1.5 hours the solution was cooled to minus sixty 
degrees Celsius and the disulfide of part A (2.0 g, 
5 10 mmol) in THF (7 mL) . The solution was stirred at 
ambient temperature for 2 hours. The solution was 
diluted with H 2 0 and extracted with ethyl acetate. 
The organic layer was washed with H 2 0 and saturated 
NaCl and dried over magnesium sulfate. 

10 Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfide as an oil (1.8 g, 40%). 

Part D: To a solution of the sulfide of 
part C (1.8 g, 3.95 mmol) in dichloromethane (75 mL) 
cooled to zero degrees Celsius, was added m- 

15 chloroperbenzoic acid (1.7 g, 7.9 mmol). The 
solution was stirred for 1.5 hours followed by 
dilution with H 2 0 and extraction with dichloromethane. 
The organic layer was washed with 10 percent Na 2 S0 4/ 
H 2 0, and saturated NaCl and dried over magnesium 

20 sulfate. Chromatography (on silica, ethyl 

acetate/hexane) provided the sulfone as a solid (1.15 
g, 59%) . 

Part E: To a solution of the sulfone of 
part D (800 mg, 1.63 mmol) in THF (9 mL) and ethanol 

25 (9 mL) was added NaOH (654 mg, 16.3 mmol). in H 2 0 (3 
mL) . The solution was heated at sixty-five degrees 
Celsius for 18 hours. The solution was concentrated 
in vacuo and the residue was dissolved in H 2 0. 
Following acidification with 2N HCl to pH 4, the 

30 solution was extracted with ethyl acetate and the 
organic layer was washed with saturated NaCl and 
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dried over magnesium sulfate. Concentration in vacuo 
provided the acid as a white foam (790 mg, 
quantitative yield) . Analytical calculated for 
C 23 H 27 N0 7 S: C, 59.86; H, 5.90; N, 3.04; S, 6.95. Found: 
5 C, 59.49; H, 6.37; N, 2.81; S, 6.59. 

Part F: To a solution of the acid of part 
G (730 mg, 1.58 mmol) in DMF (9 mL) was added HOBT 
(256 mg, 1.90 mmol) followed by EDC (424 mg, 2.21 
mmol), 4-methylmorpholine (0.521 mL, 4.7 mmol) and 50 

10 percent aqueous hydroxylamine (1.04 mL, 15.8 mmol). 
The solution was stirred for 20 hours and additional 
N-hydroxybenzotriazole«H 2 0 (256 mg) , EDC (424 mg) and 
50 percent aqueous hydroxylamine (1.04 mL) were added. 
After an additional 24 hours of stirring the solution 

15 was diluted with H 2 0 and extracted with ethyl acetate 
and the organic layer was washed with saturated NaCl 
and dried over magnesium sulfate. Reverse phase 
chromatography (on silica, acetonitrile/H z O) provided 
the title compound as a white solid (460 mg, 61%) . 

20 HPLC purity: >99%. Analytical calculated for 

C 23 H 28 N 2 0 7 S: C, 57.97; H, 5.92; N, 5.88; S, 6.73. Found: 
C, 57.95; H, 6.02; N, 5.81; S, 6.85. 

Example 4: Preparation of N-hydroxy-4- [ (4- 
2 5 phenoxyphenyl ) sul f ony 1 ] - 4 - 

piperidinecarboxamide , 
monohvdrochloride 
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Part A: A solution of 4- 
(phenoxy)benzenethiol (2.03 g, 10.0 tranol) in DMSO (20 
5 mL) was heated to sixty-five degrees Celsius for 5 
hours. The solution remained at ambient temperature 
for 18 hours. The solution was extracted with ethyl 
acetate and the combined organic layers were washed 
with H 2 0 and saturated NaCl and dried over magnesium 
10 sulfate. Concentration in vacuo provided the 
disulfide as a yellow oil (2.3 g, quantitative 
yield) . 

Part B: To a solution of ethyl 
isonipecotate (15.7 g, 0.1 mol) in THF (100 mL) was 

15 added a solution of di-tert-butyl dicarbonate (21.8 
g, 0.1 mol) in THF (5 mL) dropwise over 20 minutes. 
The solution was stirred overnight at ambient 
temperature and concentrated in vacuo to yield a 
light oil. The oil was filtered through silica gel 

20 (on silica, ethyl acetate/hexane) and concentrated in 
vacuo to give the BOC-piperidine compound as a clear, 
colorless oil (26.2 g, quantitative yield). 

Part C: To a solution of diisopropylamine 
(2.8 mL, 20 mmoL) in THF (30 mL) , cooled to minus 

25 seventy-eight degrees Celsius, was added n- butyl 
lithium (12.5 mL, 20 mmol) dropwise. After 15 
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minutes, the BOC-piperidine compound of part B (2.6 
g, 10 mmol) in THF (10 mL) was added dropwise. After 
1.5 hours the solution was cooled to minus 60 degrees 
Celsius and the disulfide of part A (2.0 g, 10 mmol) 
5 in THF (7 mL) was added. The solution was stirred at 
ambient temperature for 2 hours. The solution was 
diluted with H 2 0 and extracted with ethyl acetate. 
The organic layer was washed with H 2 0 and saturated 
NaCl and dried over magnesium sulfate. 

10 Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfide as an oil (1.8 g, 40%). 

Part D: To a solution of the sulfide of 
part C (1.8 g, 3.95 mmol) in dichlorome thane (75 mL) 
cooled to zero degrees C, was added m- 

15 chloroperbenzoic acid (1.7 g, 7.9 mmol). The 
solution was stirred for 1.5 hours followed by 
dilution with H 2 0 and extraction with dichlorome thane . 
The organic layer was washed with 10 percent Na 2 SG 3/ 
H 2 0, and saturated NaCl and dried over magnesium 

20 sulfate. Chromatography (on silica, ethyl 

acetate/hexane) provided the sulfone as a solid (1.15 
g, 59%) . 

Part E: To a solution of the sulfone of 
part D (800 mg, 1.63 mmol) in THF (9 mL) and ethanol 

25 (9 mL) was added NaOH (654 mg, 16.3 mmol) in H 2 0 (3 
mL) . The solution was heated at sixty- five degrees 
Celsius for 18 hours. The solution was concentrated 
in vacuo and the residue was dissolved in H 2 0. 
Following acidification with 2N HCl to pH 4, the 

30 solution was extracted with ethyl acetate and the 
organic layer was washed with saturated NaCl and 
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dried over magnesium sulfate. Concentration in vacuo 
provided the acid as a white foam (790 mg, 
quantitative yield) . analytical calculated for 
C 23 H 27 N0 7 S: C, 59.86; H, 5.90; N, 3.04; S, 6.95. Found: 
5 C, 59.49; H, 6.37; N, 2.81; S, 6.59. 

Part F: To a solution of the acid of part 
G (730 mg, 1.58 mmol) in DMF (9 mL) was added HOBT 
(256 mg, 1.90 mmol) followed by EDC (424 mg # 2.21 
mmol), 4-methylmorpholine (0.521 mL, 4.7 mmol) and 50 

10 percent aqueous hydroxylamine (1.04 mL, 15.8 mmol). 
The solution was stirred for 20 hours and additional 
HOBT (256 mg) , EDC (424 mg) and 50 percent aqueous 
hydroxylamine (1.04 mL) were added. After an 
additional 24 hours of stirring the solution was 

15 diluted with H 2 0, and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over magnesium sulfate. Reverse phase HPLC 
(acetonitrile/H 2 0) provided the hydroxamate as a white 
solid (460 mg, 61%). HPLC purity: >99%. analytical 

20 calculated for C 2J H 28 N 2 0 7 S: C, 57.97; H, 5.92; N, 5.88; 
S, 6.73. Found: C, 57.95; H, 6.02; N, 5.81; S, 6.85. 

Part G: Into a solution of the hydroxamate 
of part F (385 mg, 0.808 mmol) in ethyl acetate (25 
mL) , cooled to zero degrees Celsius, was bubbled HCl 

25 gas for 5 minutes. After standing for 30 minutes, 

the solution was concentrated in vacuo. Trituration 
with ethyl ether provided the title compound as a 
white solid (330 mg, quantitative yield). MS (CI) MH* 
calculated for C 18 H 20 N 2 O 5 S: 377, found 377. HRMS 

30 calculated for C 1B H 20 N 2 O 5 S : 377.1171, found 377.1170. 

analytical calculated for C l8 H 20 N 2 O 5 S«l . 1HC1»0 . 25H 2 0: C, 
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51.35; H, 5.17; N, 6.65; S, 7.62; CI, 9.26. Found: C, 
51.58; H, 5.09; N, 6.55; S, 8.02; Cl, 9.09. 

Example 5: Preparation of (E) N-hydroxy-2- 
[ (4-phenoxyphenyl) sulfonyl] -3- 
Phenvl - 2 - propanam^ de> 




10 Part A: To a solution of 4- 

(phenoxy)benzenethiol (5.00 g, 24.7 mmol) in methanol 
(100 mL) cooled to zero degrees Celsius was added t- 
butylbromoacetate (3.99 mL, 24.7 mmol). Following 
the addition of triethylamine (3.60 mL, 25.8 mmol) 

15 the solution was stirred for 40 minutes The 

solution was concentrated in vacuo and the resulting 
residue was dissolved in ethyl acetate and washed 
with H 2 0 and saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the sulfide as an oil 

20 (7.9 g, quantitative yield). 

Part B: To a solution of the sulfide of 
part A (7.9 g, 24.7 mmol) in methanol (180 mL) and H 2 0 
(20 mL) was added Oxone® (38.4 g, 62.5 mmol) and the 
mixture was stirred for 22 hours. The mixture was 

25 acidified to pH 4 with 2.5N NaOH and decanted to 
remove insoluble salts. The decantate was 
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concentrated to one-half volume and partitioned 
between ethyl acetate and H 2 0. The organic layer was 
washed with H 2 0 and saturated NaCl and dried over 
Na 2 S0 4 . Chromatography (on silica, ethyl 
5 acetate/hexane) provided the sulfone as a yellow 
solid (5.79 g, 67%) . 

Part C: To a solution of the sulfone of 
part B (2.5064 g, 7.20 mmol) and benzaldehyde (0.748 
mL, 7.36 mmol) in benzene (2 0 mL) were added acetic 

10 acid (0.15 mL) and piperidine (0.05 mL) . The 

solution was heated to reflux for 2 hours and the 
condensate was collected via a Dean-Stark trap. 
After an additional 1.5 hours of reflux, the solution 
was returned to ambient temperature and stirred for 

15 18 hours. The solution was diluted with ethyl 

acetate and washed with H 2 0 and saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) followed by trituration (ethyl 
ether/hexane) provided the unsaturated sulfone as a 

20 white solid (1.97 g, 73%). HPLC purity: >98%. 

Part D: Into a solution of the unsaturated 
sulfone of part C (0.5053 g, 1.16 mmol) was bubbled 
HC1 gas for 1 hour. The solution was concentrated in 
vacuo and the residue was dissolved into ethyl 

25 acetate and washed with J^O and dried over Na 2 S0 4 . 
Concentration in vacuo provided the acid as an oil 
(0.41 g, 93%) . 

Part E: To a solution of the acid of part 
D (461 mg, 1.21 mmol) was added thionyl chloride (3.0 
30 mL) and the solution was heated to one hundred 

degrees Celsius for 1 hour. Concentration in vacuo 
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provided the acid chloride as an amber oil (380 mg, 
79%) . 

Part F: To a solution of the acid chloride 
of part E (380 mg, 0.95 mmol) in THF (20 mL) was 
5 added 50 percent aqueous hydroxylamine (1.7 mL, 9.5 
mmol) . The solution was stirred at zero degrees 
Celsius for 1 hour. The solution was diluted with 
ethyl acetate, washed with H 2 0 and saturated NaCl, and 
dried over Na 2 S0 4 . Reverse phase chromatography (on 
10 silica, acetonitrile/H 2 0) followed by trituration 

(ethyl ether/hexane) provided the title compound as a 
white solid (131 mg, 35%). HPLC purity: >97%. 

Example 6: Preparation of N-hydroxy-4- [ (4- 
15 phenoxyphenyl ) sul f onyl ] - 1 - ( 2 -propynyl ) - 4 - 

piperjdinecarboxamide , monohvdrochloride 



HOHN 




Part A: A solution of 4- (phenoxy) benzenethiol 
(2.03 g, 10.0 mmol) in DMSO (20 mL) was heated to 65 
degrees Celsius for 5 hours. The solution remained 
at ambient temperature for 18 hours. The solution 
was extracted with ethyl acetate and the combined 
organic layers were washed with H 2 0 and saturated 
NaCl, and dried over magnesium sulfate. 



20 



25 
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Concentration in vacuo provided the disulfide as a 
yellow oil (2.3 g, quantitative yield). 

Part B: To a solution of ethyl 
isonipecotate (15.7 g, 0.1 mol) in THF (100 mL) was 
5 added a solution of di-tert-butyl dicarbonate (21.8 
g, 0.1 mol) in THF (5 mL) dropwise over 20 minutes. 
The solution was stirred overnight at ambient 
temperature and concentrated in vacuo to yield a 
light oil. The oil was filtered through silica gel 

10 (ethyl acetate/hexane) and concentrated in vacuo to 
give the BOC-piperidine compound as a clear, 
colorless oil (26.2 g, quantitative yield). 

Part C: To a solution of diisopropyl amine 
(2.8 mL, 20 mmoL) in THF (30 mL) , cooled to minus 

15 seventy-eight degrees Celsius, was added n-butyl 
lithium (12.5 mL, 20 mmol) dropwise. After 15 
minutes, the BOC-piperidine compound of part B (2.6 
g, 10 mmol) in THF (10 mL) was added dropwise. After 
1.5 hours the solution was cooled to minus sixty 

20 degrees Celsius and the disulfide of part A (2.0 g, 
10 mmol) in THF (7 mL) was added. The solution was 
stirred at ambient temperature for 2 hours. The 
solution was diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was washed with H 2 0 and 

25 saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfide as an oil (1.8 g, 40%). 

Part D: To a solution of the sulfide of 
part C (1.8 g, 3.95 mmol) in dichloromethane (75 mL) 

3 0 cooled to zero degrees Celsius, was added m- 
chloroperbenzoic acid (1.7 g, 7.9 mmol). The 
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solution was stirred for 1.5 hours followed by 
dilution with H 2 0 and extraction with dichloromethane . 
The organic layer was washed with 10 percent Na 2 S0 4/ 
H 2 0, and saturated NaCl and dried over magnesium 
5 sulfate. Chromatography (on silica, ethyl 

acetate/hexane) provided the sulfone as a solid (1.15 
g, 59%) . 

Part E: Into a solution of the sulfone of 
part D (3.56 g, 7.0 mmol) in ethyl acetate (100 mL) 

10 cooled to zero degrees Celsius was bubbled HC1 gas 
for 5 minutes. Concentration in vacuo followed by 
trituration with ethyl ether provided the amine 
hydrochloride salt as a white solid (3.5 g, 
quantitative yield). MS (CI) MH + calculated for 

15 C 20 H 23 NO S S: 3 90, found 3 90. 

Part F: To a solution of the amine 
hydrochloride salt of part E (2.6 g, 6 mmol) and I^CC^ 
(1.66 g, 12 mmol) in DMF (50 mL) was added propargyl 
bromide (892 mg, 6 mmol) and the solution was stirred 

20 at ambient temperature for 4 hours. The solution was 
diluted with H 2 0 and extracted with ethyl acetate. 
The combined organic layers were washed with 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/hexane) 

25 provided the propargyl amine as a white solid (2.15 
g, 82%) . 

Part G: To a solution of the propargyl 
amine of part F (2.15 g, 5 mmol) in THF (30 mL) and 
ethanol (30 mL) was added NaOH (2.0 g, 50 mmol) and 
30 the solution was heated at 65 degrees Celsius for 48 
hours. The solution was concentrated in vacuo and 
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the aqueous residue was acidified to a pH value of 5. 
Vacuum filtration of the resulting precipitate 
provided the acid as a white solid (2.04 g, 
quantitative yield) . 
5 Part H: To a solution of the acid of part 

G (559 mg, 1.4 mmol) in dichloromethane (5 mL) was 
added triethylamine (0.585 mL, 4.2 mmol) and 50 
percent aqueous hydroxylamine (0.925 mL, 14.0 mmol) 
followed by bromotris (pyrrolidino) phosphonium 

10 hexafluourphosphate (PyBroP®; 718 mg, 1.54 mmol). 

The solution was stirred at ambient temperature for 4 
hours. The solution was diluted with H 2 0 and 
extracted with dichloromethane. The organic layer 
was washed with saturated NaCl and dried over 

15 magnesium sulfate. Reverse phase chromatography (on 
silica, acetonitrile/H 2 0) provided the hydroxamate as 
a white solid (140 mg, 25%) . Analytical calculation 
for C 21 H 22 N 2 0 5 S: C, 60.85; H, 5.37; N, 6.76; S, 7.74. 
Found: C, 60.47; H, 5.35; N, 6.61; S, 7.46. 

20 Part I: To a solution of the hydroxamate 

of part H (121 mg, 0.292 mmol) in methanol (2 mL) 
cooled to zero degrees Celsius was added acetyl 
chloride (0.228 mL, 0.321 mmol) in methanol (1 mL) . 
After stirring at ambient temperature for 30 minutes 

25 the solution was concentrated under a stream of N 2 . 
Trituration with ethyl ether provided the title 
compound as a white solid (107 mg, 81%) . Analytical 
calculation for C 21 H 22 N 2 O 5 S»HCl*0 . 3H 2 0: C, 55.27; H, 
5.21; N, 6.14. Found: C, 54.90; H, 5.37; N, 6.07. 
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Example 7: Preparation of N- [4- [ [2- (hydroxy ami no) -2- 
oxoethyll h ^lf Pnyl] phenyl] beyigamide 




Part A: To a suspension of 2- (4- 
aminophenylthio) acetic acid (20.00 g, 0.109 mmol) in 
methanol (100 mL) cooled to zero degrees Celsius was 
added thionyl chloride (24.0 mL, 0.327 mmol) 

10 dropwise. Additional methanol was added (100 mL) and 
the suspension was heated to reflux for 2 hours. The 
solution was concentrated in vacuo and the residue 
was dissolved into H 2 0 and neutralized with saturated 
NaHC0 3 . The aqueous layer was extracted with ethyl 

15 acetate and the combined organic layers were washed 
with saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the methyl ester as a 
dark purple oil (22.75 g, quantitative yield). HPLC 
purity: 99%. 

20 Part B: To a solution of the methyl ester 

of part A (5.00 g, 25.35 mmol) and triethylamine 
(7.07 mL, 50.70 mmol) in dichloromethane (50 mL) was 
added benzoyl chloride (3.24 mL, 27.89 mmol) and the 
solution was stirred at ambient temperature for 2 

25 hours. The solution was concentrated in vacuo and 
the residue was partitioned between ethyl acetate, 
THF and H 2 0. The organic layer was washed with H 2 0 
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and saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the benzamide as a 
purple solid (7.06 g, 92%). HPLC purity: 98%. MS(CI) 
M+Li* calculated for C 16 H 1S N0 3 S : 308, found 308. 
5 Part C: To a solution of the benzamide of 

part B (4.00 g, 13.27 mmol) in THF (100 mL) and H 2 0 
(10 mL) cooled to zero degrees Celsius was added 
Oxone® (potassium monopersulf ate; 24.47 g, 39.81 
mmol) . The slurry was stirred overnight (about 

10 eighteen hours) at ambient temperature. The mixture 
was filtered to remove excess Oxone® and the filtrate 
was concentrated in vacuo. The residue was dissolved 
into ethyl acetate and washed with H 2 0 and saturated 
NaCl, and then dried over Na 2 S0 4 . Concentration in 

15 vacuo provided the sulfone as a pink solid (4.11 g, 
93%). HPLC purity: 98%. MS (CI) M+Li* calculated for 
C 16 H 1S N0 5 S: 34 0, found 340. 

Part D: To a solution of the sulfone of 
part C (400 mg, 1.2 mmol) in THF (9 mL) was added 50 

20 percent aqueous hydroxylamine (5.0 mL) . The solution 
was stirred for 8 hours and was concentrated in 
vacuo. Trituration with hot ethyl ether provided the 
title compound as an off-white solid (348 mg, 78%) . 
HPLC purity: 97%. MS (CI) MH* calculated for C 17 H 14 N 2 O s S: 

25 335, found 335. 



30 



Example 8 : Preparation of N- [4- [ [2- (hydroxyamino) -2- 
oxo-1- (piperidin-4-yl) ethyl] sulfonyl] - 
Phenyl] -benzamide. monohvdror hloride 
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Part A: To a solution of diethanolamine 
(22.16 g, 0.211 mol) in THF (100 mL) cooled to zero 
5 degrees Celsius was added di-t-butyl dicarbonate 

(46.0 g, 0.211 mol) and the solution was stirred at 
ambient temperature for 20 hours. The solution was 
concentrated in vacuo and the resulting residue was 
filtered through a silica pad (5 percent methanol/95 
10 percent dichloromethane) to provide the diol as a 
clear oil (45.06 g, quantitative yield). MS (CI) MH* 
calculated for C 9 H 19 0 4 S: 206, found 206. 

Part B: To a suspension of 2- (4- 
aminophenylthio) acetic acid (20.00 g, 0.109 mmol) in 
15 methanol (10 0 mL) cooled to zero degrees Celsius 
thionyl chloride (24.0 mL, 0.327 mmol) was added 
dropwise. After additional methanol was added (100 
mL) , the suspension was heated to reflux for 2 hours. 
The composition was concentrated in vacuo, the 
2 0 residue was dissolved in and neutralized with 
saturated NaHC0 3 . The aqueous layer was extracted 
with ethyl acetate and the combined organic layers 
were washed with saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the methyl ester as a 
25 dark purple oil (22.75 g, quantitative yield). HPLC 
purity: 99%. 
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Part C: To a solution of the methyl ester 
of part B (5.00 g, 25.35 mmol) and triethylamine 
(7.07 mL, 50.70 mmol) in dichloromethane (50 mL) was 
added benzoyl chloride (3.24 mL, 27.89 mmol) and the 
5 solution was stirred at ambient temperature for 2 
hours. The solution was concentrated in vacuo and 
the residue was partitioned between ethyl acetate, 
THF and H 2 0. The organic layer was washed with H 2 0 
and saturated NaCl and dried over Na 2 S0 4 . 

10 Concentration in vacuo provided the benzamide as a 
purple solid (7.06 g, 92%). HPLC purity: 98%. 

Part D: To a solution of the benzamide of 
part C (4.00 g, 13.27 mmol) in THF (100 mL) and H 2 0 
(10 mL) cooled to zero degrees Celsius was added 

15 Oxone® (24.47 g, 39.81 mmol). The slurry was stirred 
overnight (about eighteen hours) at ambient 
temperature. The mixture was filtered to remove 
excess Oxone® and the filtrate was concentrated in 
vacuo. The residue was dissolved into ethyl acetate 

20 and washed with H 2 0 and saturated NaCl and dried over 
Na 2 S0 4 . Concentration in vacuo provided the sulfone 
as a pink solid (4.11 g, 93%). HPLC purity: 98%. 

Part E: To a solution of the diol of part 
A (1.03 g, 5.00 mmol) and the methyl ester of part D 

25 (2.00 g, 6.00 mmol) in THF (100 mL) was added the 
1, 1' - (azodicarbonyl)dipiperidine (5.05 g, 20.00 
mmol) . To this slurry was added trimethyl phosphine 
(20.00 mL of a 1.0M solution in THF, 20.00 mmol) . 
The mixture stirred for 1 hour at ambient temperature 

30 and then was heated at 40 degrees Celsius for 18 
hours. After the slurry returned to ambient 
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temperature, ethyl ether was added and the insoluble 
solids were removed by filtration. The filtrate was 
concentrated in vacuo and the resulting residue was 
dissolved into ethyl acetate, washed with H 2 0 and 
5 saturated NaCl, and then dried over Na 2 S0 4 . 

Chromatography (on silica, ethyl acetate/hexane) 
provided the piperidine compound as a yellow solid 
(600 mg, 24%). MS (CI) MIT calculated for C 25 H 30 N 2 O 7 S : 
503, found 503. 

10 Part F: To a solution of the piperidine 

compound of part E (950 mg, 1.89 mmol) in THF (10 mL) 
was added potassium silanolate (970 mg, 7.5 6 mmol) 
and the solution was stirred at ambient temperature 
for 72 hours. The solution was diluted with 1^0, 

15 acidified to pH 2 with 1M HCl, and extracted with 
ethyl acetate. The combined organic layers were 
washed with saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the acid as a yellow 
solid (772 mg, 84%) . 

20 Part G: To a solution of the acid of part 

F (772 mg, 1.48 mmol) in DMF (9 mL) was added HOBT 
(240 mg, 1.77 mmol), 4-methylmorpholine (0.488 mL, 
4.44 mmol), O-tetrahydropyranyl hydroxyamine (538 mg, 
4.54 mmol) and EDC (397 mg, 2.07 mmol). The solution 

25 stirred at ambient temperature for 2 hours. 

Following concentration in vacuo the residue was 
partitioned between ethyl acetate and H 2 0. The 
organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 

30 acetate/hexane) provided the protected hydroxylamine 
as a white solid (608 mg, 70%) . HPLC purity: >99%) . 
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Part H: To a solution of the protected 
hydroxylamine of part G (596 g, 1.01 mmol) in dioxane 
(3 mL) and methanol (1 mL) was added 4M HC1 in 
dioxane (2.50 mL, 10.14 mmol) and the solution 
5 stirred for 50 minutes at ambient temperature. 
Trituration with ethyl ether provided the title 
compound as a white solid (433 mg, 98%) . HPLC 
purity: 98%. MS (CI) MH* calculated for C 19 H 21 N 3 O s S : 404, 
found 4 04 . 

10 

Example 9: Preparation of N-hydroxy-4- 

t [4- (phenylthio) phenyl] sulfonyl] -1- 
( 2 -propynyl ) - 4 -piperidinecarboxanu.de , 
monohvdrochlori Hp 

15 



HOHN 




Part A: To a solution of ethyl isonipecotate 
(15.7 g, 0.1 mol) in THF (100 mL) was added a 

20 solution of di-tert -butyl dicarbonate (21.8 g, 0.1 
mol) in THF (5 mL) dropwise over 20 minutes. The 
solution was stirred overnight (about eighteen hours) 
at ambient temperature and concentrated in vacuo to 
yield a light oil. The oil was filtered through 

25 silica gel (ethyl acetate/hexanes) and concentrated 
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in vacuo to give the BOC-piperidine compound as a 
clear, colorless oil (26.2 g, quantitative yield) . 

Part B: A solution of 4-f luorothiophenol 
(50.29 g, 390 tnmol) in DMSO (500 mL) was heated to 65 
5 degrees Celsius for 6 hours. The reaction was 
quenched into wet ice and the resulting solid was 
collected by vacuum filtration to provide the 
disulfide as a white solid (34.4 g, 68.9%). 

Part C: To a solution of the BOC-piperdine 

10 compound of part A (16 g, 62 mmol) in THF (300 mL) 

cooled to minus 50 degrees Celsius was added lithium 
diisopropyl amide (41.33 mL, 74 mmol) and the solution 
was stirred for 1.5 hours at zero degrees Celsius. 
To this solution was added the disulfide of part B 

15 (15.77 g, 62 mmol), and the resulting solution was 
stirred at ambient temperature for 2 0 hours. The 
reaction was quenched with the addition of H 2 0 and the 
solution was concentrated in vacuo. The aqueous 
residue was extracted with ethyl acetate and the 

20 organic layer was washed with 0 . 5N KOH, H 2 0, and 
saturated NaCl. Chromatography (on silica, 
hexane/ethyl acetate) provided the sulfide as an oil 
(18.0 g, 75%) . 

Part D: To a solution of the sulfide of 

25 part C (16.5 g, 43 mmol) in dichloromethane (500 mL) 
cooled to zero degrees Celsius was added 3- 
chloroperbenzoic acid (18.0 g, 86 mmol) and the 
solution was stirred for 2 0 hours. The solution was 
diluted with H-,0 and extracted with dichloromethane. 

3 0 The organic layer was washed with 10 percent Na 2 S0 3 , 
H 2 0, and saturated NaCl and dried over magnesium 
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sulfate. Chromatography (on silica, ethyl 
acetate/hexane) provided the sulfone as a solid (10.7 
g, 60%) . 

Part E: Into a solution of the sulfone of 
5 part D (10 g, 24.0 irariol) in ethyl acetate (250 mL) 
was bubbled HCl gas for 10 minutes followed by 
stirring at ambient temperature for 4 hours. 
Concentration in vacuo provided the amine 
hydrochloride salt as a white solid (7.27 g, 86%) . 

10 Part F: To a solution of the amine 

hydrochloride salt of part E (5.98 g, 17.0 mmol) in 
DMF (120 mL) was added potassium carbonate (4.7 g, 
34.0 mmol) followed by propargyl bromide (2.02 g, 
17.0 mmol) and the solution was stirred for 4 hours 

15 at ambient temperature. The solution was partitioned 
between ethyl acetate and H 2 0, and the organic layer 
was washed with H 2 0 and saturated NaCl and dried over 
magnesium sulfate. Chromatography (on silica, ethyl 
acetate/hexane) provided the propargyl amine as a 

20 yellow oil (5.2 g, 86%). 

Part G: To a solution of the propargyl 
amine of part F in DMF (15 mL) was added thiophenol 
(0.80 mL, 7.78 mmol) and CsC0 3 (2.79 g, 8.56 mmol) and 
the solution was heated to 70 degrees Celsius for 6 

25 hours. The solution was partitioned between ethyl 

ether and H 2 0. The organic layer was washed with H 2 0 
and saturated NaCl, and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/hexane) 
provided the S-phenoxyphenyl compound as an oil (1.95 

30 g, 56%) . 
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Part H: To a solution of the S- 
phenoxyphenyl of part G (1.81 g, 4.06 mmol) in 
ethanol (21 mL) and H 2 0 (3.5 mL) was added KOH (1.37 
g, 24.5 mmol) and the solution was heated to 105 
5 degrees Celsius for 4.5 hours. The solution was 
acidified to a pH value of 1 with concentrated HC1 
solution and then concentrated to provide the acid as 
a yellow residue that was used without additional 
purification (1.82 g) . 

10 Part I: To a solution of the acid of part 

H (1.82 g, 4.06 mmol) in acetonitrile (20 mL) was 
added 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (723 
mg, 6.17 mmol) and triethylamine (0.67 mL, 4.86 
mmol) . To this stirring solution was added EDC (1.18 

15 g, 6.17 mmol) and the solution was stirred for 18 

hours. The solution was partitioned between J^O and 
ethyl acetate. The organic layer was washed with H 2 0, 
saturated NaHC0 3 and saturated NaCl and dried over 
magnesium sulfate. Chromatography (on silica, ethyl 

20 acetate/hexane) provided the protected hydroxamate as 
a white solid (1.32 g, 63%). 

Part J: To a solution of the protected 
hydroxamate of part I (9.65 g, 18.7 mmol) in methanol 
(148 mL) cooled to zero degrees Celsius was added 

25 acetyl chloride (4.0 mL, 56.2 mmol), and the solution 
was stirred for 45 minutes at ambient temperature. 
Concentration in vacuo followed by trituration with 
ethyl ether provided the title compound as a white 
solid (8.10 g, 94%). MS(CI) MtT calculated for 

30 C 21 H 22 N 2 0 4 S 2 : 431, found 4 31. 
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Example 10: Preparation of 4- [ [4- (1 # 3-benzodioxol-S- 
yloxy) phenyl] sulfonyl] - N- hydroxy- 1- (2- 
propynyl ) -4 -piper idinecarboxamide , 
monohvdrochloridg 



HOHN' 




Part A: To a solution of the propargyl 
amine of Example 9, part F (7.0 g, 19.8 mmol) in DMF 

10 (30 mL) were added sesamol (5.52 g, 40 mmol) and 
potassium carbonate (5.52 g. 40 mmol), and the 
solution was heated to 85 degrees Celsius for 48 
hours. The solution was partitioned between ethyl 
acetate and H 2 0. The organic layer was dried over 

15 magnesium sulfate. Chromatography (on silica, ethyl 
acetate/hexane) provided the sulfide as an oil (9.38 
g, quantitative yield) . 

Part B: To a solution of the sulfide of 
part A (2.72 g, 5.92 mmol) in ethanol (30 mL) and H 2 0 

20 (5 mL) was added potassium hydroxide (2.0 g # 36 mmol) 
and the solution was heated to reflux for 4 hours. 
The solution was acidified to pH=3 with concentrated 
HC1. The solution was concentrated in vacuo and the 
residue was dissolved in acetonitrile (30 mL) . To 

25 this solution was added O- tetrahydro-2H-pyran-2-yl- 
hydroxylamine (1.05 g, 9.0 mmol), triethylamine (1 
mL) and EDC (1.72 g, 9.0 mmol) and the solution was 
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stirred at ambient temperature for 18 hours. The 
solution was concentrated in vacuo and diluted with 
saturated NaHC0 3 and extracted with ethyl acetate. 
The organic layer was dried over magnesium sulfate. 
5 Chromatography (on silica, ethyl acetate/hexane) 

provided the protected hydroxamate as an oil (2.86 g, 
93%) . 

Part C: To a solution of the protected 
hydroxamate of part B (2.86 g, 5.27 mmol) in methanol 

10 (40 mL) was added acetyl chloride (1.13 mL, 15.8 

mmol) and the solution was stirred for 3 hours. The 
solution was concentrated in vacuo. Reverse phase 
chromatography (on silica, acetonitrile/H 2 0 (HC1) ) 
provided the title compound as a white solid (2.2 g, 

15 84%). MS (CI) MIT calculated for C 22 H 22 N 2 0 7 S: 459, found 
459. 

Example 11: Preparation of Tetrahydro-N- hydroxy- 4- 
t [4- (4 -phenyl -1-piperidinyl) phenyl] 
2 0 sulfonyl] -2H-pyran-4-carboxamide, 

monohvdrochlori rig 
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Part A: To a solution of Na (8.97 g, 390 
mmol) in methanol (1L) at zero degrees Celsius were 
added 4-f luorothiophenol (50 g, 390 mmol) and methyl 
chloroacetate (34.2 mL, 390 mmol), and the solution 
5 was stirred for 4 hours at ambient temperature. The 
solution was filtered to remove salts and the 
filtrate was concentrated in vacuo to provide the 
sulfide as a colorless oil (75.85 g, 97%). 

Part B: To a solution of the sulfide of 

10 part A (75.85 g, 380 mmol) in methanol (1L) and H 2 0 
(100 mL) was added Oxone® (720 g, 1.17 mol) and the 
solution was stirred for 2 hours. The reaction 
mixture was filtered to remove the excess salts and 
the filtrate was concentrated in vacuo. The residue 

15 was dissolved into ethyl acetate and washed with H 2 0, 
saturated NaHC0 3 and saturated NaCl, and then dried 
over magnesium sulfate. Concentration in vacuo 
provide the sulfone as white solid (82.74 g, 94%) 
Part C: To a solution of the sulfone of 

20 part B (28.5 g, 123 mmol) in N,N-dimethylacetamide 

(200 mL) were added potassium carbonate (37.3 g, 270 
mmol), bis- (2 -bromoethyl) ether (19.3 mL, 147 mmol), 
4-dimethylaminopyridine (750 mg, 6 mmol) and 
tetrabutylammonium bromide (1.98 g, 6 mmol), and the 

25 solution was stirred at ambient temperature for 72 
hours. The solution was poured into IN HC1 (300 mL) 
and the resulting precipitate was collected by vacuum 
filtration. Recrystallization (ethyl acetate/hexane) 
provided the tetrahydropyran compound as a beige 

30 solid (28.74 g, 77%) . 
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Part D: To a solution of the 
tetrahydropyran compound of part C (1.21 g, 4.0 mmol) 
in DMSO (10 mL) were added Cs 2 C0 3 (3.26 g, 10.0 mmol) 
and 4-phenylpiperidine (640 mg, 4.0 mmol), and the 
5 solution was heated to 90 degrees Celsius for 2 
hours. The solution was diluted with H 2 0 and 
extracted with ethyl acetate. The organic layer was 
washed with 5 percent aqueous KHS0 4/ saturated NaHC0 3 
and saturated NaCl and dried over magnesium sulfate. 

10 Concentration in vacuo provided the amine as a white 
solid (1.2 g, 67%) . 

Part E: To a solution of the amine of part 
D (815 mg, 1.84 mmol) in methanol (5 mL) and THF (5 
mL) was added 50 percent aqueous NaOH (2 mL) and the 

15 solution was stirred for 18 hours at ambient 

temperature. The solution was concentrated in vacuo 
and the residue was diluted with H 2 0 and acidified to 
a pH value of 7. The resulting precipitate was 
collected by vacuum filtration to provide the acid as 

20 a white solid (680 mg, 86%) . 

Part F: To a solution of the acid of part 
E (620 mg, 1.44 mmol) in dichloromethane (10 mL) and 
DMF (3 mL) were added PyBroP (810 mg, 1.73 mmol), N- 
methylmorpholine (0.5 mL, 4.3 mmol) and O-tetrahydro- 

25 2H-pyran-2-yl-hydroxylamine (190 mg, 1.59 mmol) and 
the solution was stirred for 4 hours at ambient 
temperature. The solution was concentrated in vacuo, 
the residue dissolved into ethyl acetate and washed 
with H 2 0 and saturated NaCl, and then dried over 

30 Na 2 S0 4 . Chromatography (on silica, ethyl 

acetate/hexane) provided the protected hydroxamate as 

SUBSTITUTE SHEET (RULE 26) 



WO 99/2S687 



PCT/US98/23242 



-314- 



a white solid (630 mg # 83%). MS (CI) MH + calculated for 
C 28 H 36 N 2 0 6 S: 529, found 529. 

Part G: To a solution of the protected 
hydroxamate of part F (600 mg, 1.14 mmol) in dioxane 
5 (1.5 mL) and methanol (1.5 mL) was added 4N HCl in 
dioxane (1.5 mL) , and the solution was stirred for 2 
hours. The solution was poured into ethyl ether and 
the resulting precipitate was collected by vacuum 
filtration to provide the title compound as a beige 
10 solid (500 mg, 91%). MS (CI) M+Li* calculated for 
C 23 H 28 N 2 O s S: 445, found 445. 

Example 12: Preparation of 1 -acetyl -N-hydroxy- 
4- [ (4-phenoxyphenyl) sulfonyl] -4- 
15 piperidinecarboxamide 




Part A: To a solution of the sulfone of 
20 Example 6, part D (2.75 g, 5.6 mmol) in THF (10 mL) 

and ethanol (10 mL) was added NaOH (2.25 g, 56 mmol), 
and the solution was heated to 70 degrees Celsius for 
18 hours. The solution was concentrated in vacuo, 
the residue was dissolved into H 2 0 and extracted with 
2 5 ethyl ether. The aqueous solution was acidified to a 
pH value of 2 and extracted with ethyl acetate. The 
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organic layer was dried over magnesium sulfate. 
Concentration in vacuo provided the crude acid as a 
solid. A solution of the acid in dichloromethane (6 
mL) and trif luoroacetic acid (6 mL) was stirred for 1 
5 hour at ambient temperature. Concentration in vacuo 
provided the amine hydrochloride salt as a solid (2.3 
g, quantitative yield) . 

Part B: To a solution of the amine 
hydrochloride salt of part A (2.3 g, < 5.6 mmol) in 

10 acetone (10 mL) and H 2 0 (10 mL) cooled to zero degrees 
Celsius were added triethylamine (1.17 mL, 8.4 mmol) 
and acetyl chloride (0.60 mL, 8.4 mmol), and the 
solution was stirred at ambient temperature for 18 
hours. The solution was concentrated in vacuo to 

15 remove the acetone and the aqueous solution was 

extracted with ethyl ether. The aqueous layer was 
acidified to a pH value of 2 and extracted with ethyl 
acetate. The organic layer was dried over magnesium 
sulfate and concentration in vacuo provided the N- 

20 acetyl compound as a white solid (1.5 g, 65.2%). 

Part C: To a solution of the N-acetyl 
compound of part B (0.6 g, 1.49 mmol) in DMF (10 mL) 
were added EDC (401 mg, 2.1 mmol) followed by 50 
percent aqueous hydroxylamine (0.9 mL) and 4- 

25 methylmorpholine (0.7 mL, 6.4 mmol), and the solution 
was stirred for 18 hours at ambient temperature. The 
solution was concentrated in vacuo and the residue 
was dissolved into ethyl acetate. The organic layer 
was washed with H 2 0 and dried over magnesium sulfate. 

30 Reverse phase chromatography (on silica, 

acetonitrile/H 2 0) provided the title compound as a 
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white solid (101 mg; 16%). MS (CI) MH + calculated for 
C 20 H 22 N 2 O 6 S: 419, found 419. 

Example 13 : Preparation of 4- [ [4- (cyclohexylthio) - 
phenyl] sulfonyl] -N-hydroxy-1- (2- 
propynyl) -4-piperidinecarboxamide, 
monohvdrochloride 



HOHN 




10 CH 

Part A: To a solution of the propargyl 
amine of Example 9, part F (6.5 g, 18.4 mmol) in DMF 
(10 mL) were added potassium carbonate (3.81 g, 2 7.6 

15 mmol) and cyclohexyl mercaptan (3.37 mL, 27.6 mmol). 
The solution was heated to 100 degrees Celsius for 
6.5 hours. The solution was diluted with H 2 0 and 
extracted with ethyl acetate. The organic layers 
were dried over magnesium sulfate. Chromatography 

20 (on silica, hexane/ethyl acetate) provided the 
sulfide as a yellow oil (6.05 g, 73%). 

Part B: To a solution of the sulfide of 
part B (612 mg, 1.4 mmol) in ethanol (8.4 mL) and H 2 0 
(1.4 mL) was added potassium hydroxide (470 mg, 8.4 

25 mmol), and the solution was refluxed for 3 hours. 
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The solution acidifed to a pH value of 3 and was 
concentrated in vacuo. The residue was dissolved 
into acetonitrile (10 mL) and to this solution were 
added 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (230 
5 mg # 2.0 mmol) and triethylamine (0.5 mL) followed by 
EDC (380 mg, 2.0 mmol) , and the solution was stirred 
at ambient temperature for 18 hours. The solution 
was concentrated in vacuo and the residue was diluted 
with saturated NaHC0 3 and extracted with ethyl 

10 acetate. The organic layer was dried over magnesium 
sulfate. Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 
an oil (246 mg, 34%) . 

Part C: To a solution of the protected 

15 hydroxamate of part B (246 mg, 0.47 mmol) in methanol 
(4 mL) was added acetyl chloride (0.11 mL, 1.5 mmol), 
and the solution was stirred at ambient temperature 
for 3 hours. After concentration in vacuo, reverse 
phase chromatography (on silica, 

acetonitrile/H 2 0(HCl) ) provided the title compound as 
a white solid (223 mg, quantitative yield) . 



20 



Example 14: Preparation of N-hydroxy- 1 -methyl- 4 - 
[ (phenoxyphenyl) sulfonyl] -4- 
25 piperidinecarbo xamide , monohydrochloride 
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HOHN 




\ HCl 



Part A: To a solution of the sulfone of 
Example 6, part D (2.67 g, 5.5 mmol) in 
5 dichlorome thane (5 mL) was added trif luoroacetic acid 
(5 mL) , and the solution was stirred at ambient 
temperature for 2 hours. The solution was 
concentrated in vacuo and the residue was triturated 
with ethyl ether to provide the crude amine 

10 trif luoroacetic acid salt. To a solution of the 
crude amine salt in methanol (10 mL) were added 
formaldehyde (37 percent aqueous solution, 2.0 mL, 
27.5 mmol) and borane pyridine (2.2 mL, 22 mmol), and 
the solution was stirred at ambient temperature for 

15 18 hours. The solution was concentrated in vacuo. 

The residue was dissolved into ethyl acetate, washed 
with H 2 0 and dried over magnesium sulfate. 
Concentration in vacuo provided the N-methyl compound 
as a yellow oil (2.17 g, 98%) . 

20 Part B: To a solution of the N-methyl 

compound of part A (2.17 g, 5.4 mmol) in ethanol (10 
mL) and THF (10 mL) was added NaOH (2.0 g, 50 mmol), 
and the reaction mixture was stirred at minus 65 
degrees Celsius for 18 hours. The solution was 

25 concentrated in vacuo. The residue was dissolved 

into H 2 0 and extracted with ethyl ether. The aqueous 
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solution was acidified to a pH value of 2 and the 
resulting solid was collected by vacuum filtration to 
provide the acid as a white solid (1.8 g, 90%). 

Part C: To a solution of the acid of part 
5 B (0.5 g, 1.3 mmol) in DMF (10 mL) were added EDC 

(1.06 g, 5.5 mmol) followed by 0-tetrahydro-2H-pyran- 
2-yl-hydroxylamine (490 mg, 4.2 mmol) and 4- 
methylmorpholine (0.76 mL) and the solution was 
stirred at ambient temperature for 18 hours. The 

10 solution was concentrated in vacuo and the residue 

was dissolved into ethyl acetate, washed with H 2 0 and 
dried over magnesium sulfate. Concentration in vacuo 
provided the crude protected hydroxamate. To a 
solution of the crude hydroxamate in methanol (10 mL) 

15 was added acetyl chloride (0.28 mL, 3.9 mmol), and 
the solution was stirred for 3 hours at ambient 
temperature. The solution was concentrated in vacuo. 
Reverse phase chromatography (on silica, 
acetonitrile/H 2 0( 0.0125% HC1) provided the title 

20 compound as a white solid (261 mg, 46%). MS (CI) MH* 
calculated for C 19 H 22 N 2 O s S: 3 91, found 3 91. 

Example 15: Preparation of N-hydroxy-4- [ [4- (4- 

methoxyphenoxy) phenyl] sulfonyl] -1- (2- 
25 propynyl) -4-piperidinecarboxamide, 

monohvdrochloride 
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CH 



Part A: To a solution of the propargyl 
amine of Example 9, part F (2.00 g, 5.66 mmol) in DMF 
5 (10 mL) were added cesium carbonate (4.7 g, 14.5 
mmol) and 4-methoxythiophenol (1.80 g, 14.5 mmol), 
and the solution was heated to 95 degrees Celsius for 
24 hours. The solution was diluted with ethyl 
acetate and washed with IN NaOH and saturated NaCl, 

10 and then dried over magnesium sulfate. 

Chromatography (on silica, ethyl acetate/hexane) 
provided the phenoxy compound as a solid (2.67 g, 
quantitative yield) . 

Part B: To a solution of the phenoxy 

15 compound of part A (2.40 g, 5.25 mmol) in ethanol (30 
mL) and H 2 0 (6 mL) was added potassium hydroxide (2.0 
g, 31.37 mmol), and the solution was heated to reflux 
for 4 hours. The solution was acidified with 
concentrated HC1 to a pH value of 3 and the residue 

20 was collected by vacuum filtration to provide the 
crude acid that was carried on without additional 
purification. 

Part C: To a solution of the acid of part 
B (2.25 g, 5.25 mmol) in acetonitrile (30 mL) were 

25 added triethylamine (1 mL) and 0-tetrahydro-2H-pyran- 
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2-yl-hydroxylamine (1.34 g, 9.0 ramol) . After the 
solution was stirred for 15 minutes, EDC (1.72 g, 9.0 
mmol) was added the solution was stirred at ambient 
temperature for 18 hours. The solution was 
5 concentrated in vacuo and the residue was dissolved 
into ethyl acetate. The ethyl acetate solution was 
washed with saturated NaHC0 3/ H 2 0 and saturated NaCl 
and dried over magnesium sulfate. Chromatography (on 
silica, ethyl acetate/hexane) provided the protected 

10 hydroxamate as a white solid (0.93 g, 33%). 

Part D: To a solution of the protected 
hydroxamate of part C (0.93 g, 1.7 mmol) in methanol 
(15 mL) was added acetyl chloride (0.36 mL, 5.1 mmol) 
and the solution was stirred for 3 hours. The 

15 solution was concentrated in vacuo to provide the 
title compound as a white solid (650 mg, 82%) . 
Analytical calculation for C 22 H 24 N 2 0 6 S HCl : C, 54.84/ H, 
5.24; N, 5.82; S, 6.67; Cl , 6.67. Found: C, 53.10; H, 
5.07; N, 5.59; S, 7.04; Cl , 6.32. 

20 

Example 16: Preparation of 4- [ [4- (4-butoxy-l- 

piperidinyl) phenyl] sulfonyl] -tetrahydro- 
N - hydroxy- 2H-pyran- 4 - carboxamide , 
monohvdrochloride 

25 
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Part A: To a solution of the 
tetrahydropyran compound of Example 11, part C (1.95 
5 g, 6.46 mmol) in DMSO (25 mL) were added Cs 2 C0 3 (7.4 
g, 22.6 mmol) and 4-butoxypiperidine (1.25 g, 6.46 
mmol) and the solution was heated to 90 degrees 
Celsius for 1 hour. The solution was quenched with 
H 2 0 and extracted with ethyl acetate . The organic 

10 layer was washed with 5 percent aqueous KHS0 4/ 

saturated NaHC0 3 and saturated NaCl, and dried over 
magnesium sulfate. Chromatography (on silica, ethyl 
acetate/dichloromethane) provided the amine as a 
yellow oil (1.85 g, 65%). 

15 Part B: To a solution of the amine of part 

A (1.65 g, 3.76 mmol) in THF (10 mL) was added 
potassium trimethylsilanolate (530 mg, 4.13 mmol), 
and the solution was stirred for 22 hours at ambient 
temperature. The solution was concentrated in vacuo 

20 and the crude residue was used as is in the next 
reaction. 

Part C: To a solution of the crude acid of 
part B (1.74 g, 3.76 mmol) in dichloromethane (10 mL) 
were added PyBroP (2.10 g, 4.51 mmol), N- 
25 methylmorpholine (1.24 mL, 11.3 mmol) and O- 



SUBSTITUTE SHEET (RULE 25) 



WO 99/25687 



PCT/US98/23242 



-323- 

tetrahydro-2H-pyran-2-yl-hydroxylamine (484 mg, 4.14 
mmol) , and the solution was stirred for 30 minutes at 
ambient temperature. The solution was concentrated 
in vacuo. The residue was dissolved into ethyl 
5 acetate and washed with H 2 0 and saturated NaCl, and 
dried over magnesium sulfate. Chromatography (on 
silica, ethyl acetate/ 

hexane /methanol) provided the protected hydroxamate 
as a colorless oil (1.5 g, 76% over two steps) . 

10 Part D: To a solution of the protected 

hydroxamate of part C (1.25 g, 2.4 mmol) in dioxane 
(3 mL) was added 4N HC1 in dioxane (3 niL), and the 
solution was stirred for 15 minutes. After methanol 
(3 mL) was added the solution was stirred for 5 hours 

15 at ambient temperature. The solution was poured into 
ethyl ether and the resulting precipitate was 
collected by vacuum filtration to provide the title 
compound as a white solid (1.0 g, 88%). MS(CI) MH + 
calculated for C 21 H 32 N 2 0 6 S: 441, found 441. 

20 

Example 17: Preparation of 1-cyclopropyl-N-hydroxy- 
4- [ (4-phenoxyphenyl) sulfonyl] -4- 
pjperjd inftcayipoxamide t mQTOfrydrQghlQride 



25 
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Part A: To a solution of the amine 
hydrochloride salt of Example 6, part E (2.13 g, 5.0 
mmol) in methanol (2 5 mL) was added 3A molecular 
sieves, acetic acid (2.86 mL, 50 mmol) and the 
5 solution was stirred for 5 minutes. To this solution 
was added ( (1-ethyoxycyclopropyl) oxy) -trimethylsilane 
(6.08 mL, 30 mmol) followed by sodium 
cyanoborohydride (1.41 g, 22.0 mmol), and the 
solution was heated to reflux for 18 hours. The 

10 excess salts and sieves were collected by filtration 
and the filtrate was concentrated in vacuo. The 
residue was diluted with ethyl acetate and washed 
with IN NaOH, H 2 0 and saturated NaCl, and dried over 
magnesium sulfate. Chromatography (on silica, ethyl 

15 acetate/hexane) provided the cyclopropyl amine as a 
white solid (1.90 g, 86%). 

Part B: To a solution of the cyclopropyl 
amine of part A (1.9 g, 4.2 mmol) in THF (12 mL) and 
ethanol (12 mL) was added NaOH (1.71 g, 4.3 mmol) in 

2 0 H 2 0 (10 mL) , and the solution was heated to 62 degrees 
Celsius for 20 hours. The solution was concentrated 
in vacuo and the residue was diluted with H 2 0 and 
acidified to a pH value of 5 with IN HCl. The 
resulting solid was collected by vacuum filtration to 

2 5 provide the acid as a white solid (1.49 g, 82%) . 

MS (CI) MH* calculated for C 21 H 23 N0 5 S : 402, found 402. 
HRMS calculated for C 21 H 23 N0 5 S : 402.1375, found 
402.1350. 

Part C: To a solution of the acid of part 
30 C (1.49 g, 3.4 mmol) in dichloromethane (50 mL) was 

added triethylamine (1.42 mL, 10.21 mmol) followed by 
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50 percent aqueous hydroxylamine (2.25 mL, 34.0 
mmol) and PyBroP (3.17 g, 6.8 mmol) , and the solution 
was stirred for 72 hours. The mixture was diluted 
with H 2 0 and the organic layer was separated, washed 
5 with saturated NaCl and dried over magnesium sulfate. 
Concentration in vacuo followed by reverse phase 
chromatography (on silica, acetonitrile/H 2 0) provided 
the hydroxamate. 

The hydrochloride salt was prepared by 

10 dissolving the free base (830 mg, 2.0 mmol) in 

methanol (20 mL) followed by the addition of acetyl 
chloride (0.17 mL, 2.0 mmol). The solution was 
stirred for 10 minutes at zero degrees Celsius. The 
resulting white solid was collect by vacuum 

15 filtration and washed with cold ethyl ether to 
provide the title compound (595 mg, 66%) . HRMS 
calculated for C 21 H 24 N 2 0 5 S: 416.1407, found 416.1398. 
Analytical calculation for C 21 H 24 N 2 0 5 S: C, 55.68; H, 
5.56; N, 6.18; S, 7.08; Cl , 7.83. Found: C, 55.39; H, 

20 5.72; N, 6.15; S, 7.29; Cl , 8.17. 



25 



Example 18: Preparation of N-hydroxy-1- 

(methylsulfonyl) -4- (phenoxyphenyl) 
eulfonvll -4-niperidinecarboxamide 



HOHN 
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Part A: To a solution of the amine 
hydrochloride salt of Example 6, part E (1.06 g, 2.5 
mmol) in dichloromethane (10 mL) were added 
5 triethylamine (0.76 mL, 5.5 mmol) and methanesulf onyl 
chloride (0.23 mL, 3.0 mmol), and the solution was 
stirred for 18 hours at ambient temperature. The 
solution was concentrated in vacuo and the residue 
was partitioned between ethyl acetate and H 2 0. The 

10 organic layer was washed with H 2 0 and saturated FaCl 
and dried over magnesium sulfate. Chromatography (on 
silica, ethyl acetate/hexane) provided the 
methanesulf onamide as a solid (2.1 g, 58%). 
Part B: To a solution of the 

15 methanesulf onamide of part A (2.0 g, 4.15 mmol) in 
ethanol (12 mL) and H 2 0 (12 mL) was added NaOH (1.66 
g, 41.5 mmol), and the solution was heated to 65 
degrees Celsius for 18 hours. The solution was 
concentrated in vacuo and the remaining aqueous 

20 solution was acidified to a pH of 4 . The solution 
was extracted with ethyl acetate and the organic 
layer was washed with saturated NaCl and dried over 
magnesium sulfate. Concentration in vacuo provided 
the acid as a yellow foam (1.46 g, 80%) . 

25 Part C: To a solution of the acid of part 

B (1.46 g, 3.38 mmol) in dichloromethane (5 0 mL) were 
added triethylamine (1.41 mL, 10.1 mmol), 50 percent 
aqueous hydroxylamine (2.2 mL, 33.8 mmol) and PyBroP 
(3.16 g, 6.76 mmol), and the solution was stirred at 

30 ambient temperature for 72 hours. The solution was 
diluted with H 2 0 and the organic layer was separated 
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and washed with saturated NaCl, and then dried over 
magnesium sulfate. Reverse phase chromatography (on 
silica, acetonitrile/H 2 0) followed by trituration with 
ethyl ether provide the title compound as a white 
5 solid (160 mg, 11%) . Analytical calculation for 
C 19 H 22 N 2 0 7 S 2 : C, 50.21; H, 4.88; N, 6.16; S, 14.11. 
Found: C, 48.72; H, 5.36; N, 5.61; S, 12.81. 



10 Example 19: Preparation of 4- [ [4 - (cyclohexylthio) - 

phenyl] sulfonyl] -N-hydroxy-4- 
pjperidinecarboxamide . monohvdrochloririe 




H 

15 

Part A: To a solution of the sulfone of 
Example 9, part D (10.1 g, 24.0 mmol) in DMF (20 mL) 
were added KjCOj (5.0 g, 36.0 mmol) and 
cyclohexylmercaptan (4.4 mL, 3 6.0 mmol), and the 

20 solution was heated at 85 degrees Celsius for 6.5 
hours. The solution was partitioned between ethyl 
acetate and H 2 0. The organic layer was washed with 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/hexane) 

25 provided the sulfide as a oil (8.2 g, 67%). 
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Part B: To a solution of the sulfide (2.32 
g, 4.5 mmol) in ethanol (10 mL) and THF (10 mL) was 
added NaOH (1.81 g, 45 mmol) in H 2 0 (10 mL) , and the 
solution was heated to 65 degrees Celsius for 18 
5 hours. The solution was concentrated in vacuo and 
the aqueous residue was acidified to a pH value of 2. 
The solution was extracted with dichloromethane and 
dried over magnesium sulfate. Concentration in vacuo 
provided the acid as a white solid (830 mg, 38%) . 

10 Part C: To a solution of the acid of part 

B (2.0 g, 4.0 mmol) in dichloromethane (25 mL) were 
added N-methylmorpholine (1.32 mL, 12.0 mmol), PyBroP 
(2.12 g, 2.12 mmol) and 50 percent aqueous 
hydroxylamine (2.6 mL, 40 mmol), and the solution was 

15 stirred for 18 hours at ambient temperature. The 
solution was diluted with H 2 0 and the layers were 
separated. The organic layer was washed with 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/methanol) 

20 provided the hydroxamate as a white solid (1.4 g, 
70%) . 

Part D: into a solution of the hydroxamate 
of part C (1.31 g, 2.63 mmol) in ethyl acetate (70 
mL) cooled to zero degrees Celsius was bubbled HCl 

25 gas for 30 minutes. The solution was concentrated in 
vacuo. Reverse phase chromatography (on silica, 
acetonitrile/H 2 0(HCl) ) provided the title compound as 
a white solid (378 mg, 33%) . Analytical calculation 
for C 18 H 26 N 2 0 4 S 2 : C, 49.70; H, 6.26; N, 6.44; S, 14.74; 

30 CI, 8.15. Found: C, 48.99; H, 6.34; N, 6.24; S, 14.66; 
CI, 8.56. 
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Example 20: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- (4 -phenyl -1-piperazinyl) phenyl] 
sul f ony 1 ] - 2H -py ran- 4 - carboxamide , 
dihvdrochloride 



HOHN 




Part A: To a solution of the 
10 tetrahydropyran compound of Example 11, part C (1.96 
g, 6.5 mmol) in DMSO (20 mL) were added Cs 2 C0 3 (4.9 g, 
15 mmol) and 4-phenylpiperazine (1.1 mL, 7.15 mmol), 
and the solution was heated to 90 degrees Celsius for 
45 minutes. The solution was quenched by the 
15 addition of H 2 0 and was extracted with ethyl acetate. 
The organic layer was washed with 5 percent aqueous 
KHS0 4 , saturated NaHC0 3 and saturated NaCl and dried 
over magnesium sulfate. Concentration in vacuo 
provided the amine as a beige solid (1.7 g, 59%) . 
20 Part B: To a solution of the amine of part 

A (1.5 g, 3.38 mmol) in THF (20 mL) was added 
potassium trimethylsilanolate (480 mg, 3.72 mmol), 
and the solution was stirred at ambient temperature 
for 22 hours. Concentration in vacuo provided the 
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crude acid salt to be used without purification in 
the next step. 

Part C: To a solution of the acid salt of 
part B (1.58 g, 3.38 mmol) in dichlorome thane (10 mL) 
5 and DMF (3 mL) were added PyBroP (1.89 g, 4.06 mmol) , 
N-methylmorpholine (1.1 mL, 10.1 mmol) and O- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (435 mg, 3.72 
mmol) , and the solution was stirred at ambient 
temperature for 18 hours. The solution was 

10 concentrated in vacuo and the residue was partitioned 
between ethyl acetate and H 2 0 and the organic layer 
was washed with H 2 0 and saturated NaCl, and then dried 
over magnesium sulfate. Chromatography (on silica, 
dichloromethane/methanol) provided the protected 

15 hydroxamate as a white foam (1.7 g, 95% over two 
steps) . 

Part D: To a solution of the protected 
hydroxamate of part C (1.28 g, 2.4 mmol) in dioxane 
(5 mL) and methanol (5 mL) was added 4N HCl in 

20 dioxane (5 mL) , and the solution was stirred for 2 
hours at ambient temperature. The solution was 
poured into ethyl ether and the resulting precipitate 
was collected by vacuum filtration to provide the 
title compound as a white solid (900 mg, 73%). MS (CI) 

25 MH* calculated for C 22 H 27 N 3 0 5 S : 446, found 446. 

Example 21: Preparation of 4- [ [4- (cyclohexylthio) - 
phenyl] sulfonyl] -1-cyclopropyl) -N- 
hydroxy-4 -piperidine carboxamide, 
30 monohvdrochlo:ririg 
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A 

Part A: To a solution of the sulfone of 
Example 9, part D (10.1 g, 24.0 mmol) in DMF (2 0 mL) 
5 were added K 2 C0 3 (5.0 g, 36.0 mmol) and 

cyclohexylmercaptan (4.4 mL, 36.0 mmol), and the 
solution was heated at 85 degrees Celsius for 6.5 
hours. The solution was partitioned between ethyl 
acetate and H 2 0. The organic layer was washed with 
10 saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, 

ethyl acetate/hexane) provided the sulfide as a oil 
(8.2 g, 67%) . 

Part B: HC1 gas was bubbled for 3 0 minutes 
15 into a solution of the sulfide of part B (8.2 g, 17.0 
mmol) in ethyl acetate (100 mL) cooled to zero 
degrees Celsius. The solution was concentrated in 
vacuo to provide the amine as a white solid (5.99 g, 
79%). MS (CI) MH 4 calculated for C 20 H 29 NO 4 S : 412, found 
20 412. 

Part C: To a solution of the amine of part 
B (2.24 g, 5.0 mmol) in methanol (20 mL) was added 
acetic acid (2.86 mL, 50 mmol) followed by (1- 
ethoxycyclopropyl) oxytrimethylsilane (6.03 mL, 30 
25 mmol) and sodium borohydride (1.41 g, 22.5 mmol), and 
the solution was refluxed for 18 hours. The solution 
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was concentrated in vacuo and the residue was 
dissolved into ethyl acetate and washed with IN NaOH, 
H 2 0 and saturated NaCl and dried over magnesium 
sulfate. Chromatography (on silica, ethyl 
5 acetate/hexane) provided the cyclopropyl amine as a 
white solid (1.97 g, 87%). 

Part D: To a solution of the cyclopropyl 
amine of part C (1.9 g, 4.2 mmol) in ethanol (10 mL) 
and THF (10 mL) was added NaOH (1.68 g, 42.0 mmol) in 

10 H 2 0 (10 mL) and the solution was heated at sixty-eight 
degrees Celsius for 18 hours. The solution was 
concentrated in vacuo and the aqueous residue was 
acidified to a pH value of 2. The resulting solid 
was collected and washed with ethyl ether to provide 

15 the acid as a white solid (1.61 g, 81%). HRMS 

calculated for C 21 H 29 N0 4 S 2 : 424.1616, found 424.1615. 

Part E: To a solution of the acid of part 
D (1.61 g, 3.0 mmol) in dichloromethane (3 0 mL) were 
added N-methylmorpholine (1.0 g, 9.0 mmol), PyBroP 

20 (1.54 g, 3.3 mmol) and 50 percent aqueous 

hydroxylamine (2.0 mL, 30 mmol), and the solution was 
stirred for 18 hours at ambient temperature. The 
solution was concentrated in vacuo. The residue was 
partitioned between ethyl acetate and H 2 0, the organic 

2 5 layer washed with H 2 0 and saturated NaCl, and then 
dried over magnesium sulfate. Filtration through a 
silica pad (ethyl acetate/methanol) gave the 
hydroxamate as a white solid (1.07 g, 80%). 

Part F: To a solution of the hydroxamate 

30 of part F (1.07 g, 2.4 mmol) in cold methanol (2 mL) 
was added acetyl chloride (0.27 mL, 3.6 mmol), and 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-333- 

the solution was stirred for 30 minutes. The 
solution was concentrated in vacuo. Reverse phase 
chromatography (acetonitrile/H 2 0 (HCl) ) provided the 
title compound as a white solid (245 mg, 21%) . 

5 

Example 22 : Preparation of 4- [ [4- [ (4- 

f luorophenyl) thiol phenyl] sulf onyl] - 
N-hydroxy-4 -piperidinecarboxamide , 
monohvdrochloridg 

10 




N HCl 
H 



Part A: To a solution of the sulf one of 
Example 9, part D (6.0 g, 14.4 mmol) in DMF (30 mL) 

15 were added potassium carbonate (2.39 mg, 17.3 mmol) 
and 4-f luorothiophenol (3.0 mL, 28.1 mmol), and the 
solution was stirred at ambient temperature for 18 
hours. The solution was diluted with ethyl acetate 
and washed with IN NaOH and saturated NaCl, and thrn 

20 dried over magnesium sulfate. Chromatography (on 

silica, ethyl acetate/hexane) provided the sulfide as 
a solid (6.6 g, 87%) . 

Part B: To a solution of the sulfide of 
part A (6.6 g, 12.6 mmol) in ethanol (90 mL) and H 2 0 

25 (20 mL) was added sodium hydroxide (5.04 g, 126 
mmol) , and the solution was heated at 70 degrees 
Celsius for 18 hours. The mixture was acidified to a 
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pH value of 4 and the solution was extracted with 
ethyl acetate. The organic layer was washed with 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/ethanol) 
5 provided the solid acid (4.8 g, 79%). 

Part C: To a solution of the acid of part 
B (4.8 g, 10.0 mmol) in DMF (30 mL) was added 4- 
methylmorpholine (3.03 g, 30.0 mmol) followed by 0- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (7.45 g, 50.0 

10 mmol) and PyBroP (5.59 g, 12.0 mmol), and the 
solution was stirred for 18 hours at ambient 
temperature. The solution was concentrated in vacuo. 
The residue was dissolved into ethyl acetate and 
washed with H 2 0 and saturated NaCl, and then dried 

15 over magnesium sulfate. Chromatography (on silica, 
ethyl acetate/hexane) provided the protected 
hydroxamate as a white solid (4.0 g, 67%). 

Part D: HC1 gas was bubbled for 5 minutes 
into a solution of the protected hydroxamate of part 

20 D (4.0 g, 6.7 mmol) in ethyl acetate (120 mL) 

followed by stirring at ambient temperature for 1.5 
hours. The resulting solid was collected by vacuum 
filtration to provide the title compound as a white 
solid (1.90 g, 64%). MS (CI) MH* calculated for 

25 C 19 H l9 N 2 0 4 S 2 F : 411, found 411. 

Example 23 : Preparation of N-hydroxy-4- [ [4- [4- (1H- 

imidazol-l-yl)phenoxy] phenyl] sulfonyl] - 
1- (2-propynyl) -4-piperidinecarboxamide, 
30 dihvdrn^hl oride 
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CH 



Part A: To a solution of the amine 
hydrochloride salt of Example 9, part F (3.00 g, 8.49 
5 mmol) in DMF (13 mL) were added K 2 C0 3 (2.35 g, 17.0 
mmol) and 4- (imidazol-l-yl) phenol (2.72 g, 17.0 
mmol) , and the solution was heated to 85 degrees 
Celsius for 64 hours. The solution was concentrated 
and the residue was partitioned between ethyl acetate 
10 and H 2 0. The organic layer was washed with H 2 0 and 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (on silica, chlorof orm/methanol) 
provided the ethyl ester as a white foam (2.36 g, 
56%) . 

15 Part B: To a solution of the ethyl ester 

of part A (2.36 g, 5.33 mmol) in ethanol (2.8 mL) and 
H 2 0 (4.6 mL) was added KOH (1.80 g, 32.1 mmol), and 
the solution was heated to 100 degrees Celsius for 
4.5 hours. The solution was acidified to a pH value 

20 of 1 with concentrated HCI solution and then 

concentrated to provide the acid as a tan solid that 
was used without additional purification (2.87 g) . 

Part C: To a solution of the acid of part 
B (2.87 g, 5.33 mmol) in acetonitrile (24 mL) were 

25 added 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (870 
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mg, 7.45 mmol) , EDC (1.43 g, 7.45 mmol) and N- 
methylmorpholine (1.21 mL, 11.0 mmol) and the 
solution was stirred for 18 hours at ambient 
temperature. The solution was concentrated and the 
5 residue was diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was washed with H 2 0 and 
saturated NaCl and dried over magnesium sulfate. 
Chromatography (chloroform, methanol) provided the 
protected hydroxylamine as a white solid (1.62 g, 
10 53%) . 

Part D: To a solution of the protected 
hydroxylamine of part C (1.60 g, 2.83 mmol) in 
methanol (23 mL) was added acetyl chloride (0.61 mL, 
8.52 mmol), and the solution was stirred for 1 hour. 

15 The solution was concentrated in vacuo. Reverse 
phase chromatography (on silica, acetonitrile/H 2 0) 
provided the title compound as a white solid (975 mg, 
62%). MS(CI) MH + calculated for C 24 H 25 N 4 0 5 S: 481, found 
481. Analytical calculation for C 2 <H 25 N 4 0 5 S 2HC1 : C, 

20 52.08; H, 4.73; N, 10.12; S, 5.79; CI, 12.81. Found: 
C, 51.59; H, 4.84; N, 10.93; S, 5.51; Cl , 11.98. 



Example 24: Preparation of 4-[[4-[(4- 

f luorophenyl) thiophenyl] sulfonyl] -N- 
hydroxy-1- (2-propynyl) -4- 
piperidinQcarhoxamide . monohvdrochloride 
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CH 



Part A: To a solution of the propargyl 
amine of Example 9, part F (4.06 g, 11.49 mmol) in 
5 DMF (20 mli) were added potassium carbonate (3.18 g, 
22.98 mmol) and 4-f luorothiophenol (2.95 g, 22.98 
mmol) , and the solution was stirred for 18 hours at 
ambient temperature. The solution was diluted with 
ethyl acetate, washed with IN NaOH and saturated 

10 NaCl, and dried over magnesium sulfate. 

Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfide as a solid (4.46 g, 84%). 

Part B: To a solution of the sulfide of 
part A (4.46 g, 9.7 mmol) in tetrahydropyran (90 mL) , 

15 H 2 0 (30 mL) and ethanol (30 mL) was added NaOH (3.86 
g, 97.0 mmol), and the solution was heated to 65 
degrees Celsius for 2 hours. The solution was 
concentrated in vacuo and the residue was dissolved 
into H 2 0 and acidified to a pH value of 4 with 2N HCI . 

20 The resulting residue was collected by vacuum 

filtration to provide the acid as a white solid (4.0 
g, 95%) . 

Part C: To a solution of the acid of part 
B (4.0 g, 9.2 mmol) in DMF (50 mL) and 4- 
25 methylmorpholine (2.8 g, 27.7 mmol) was added O- 
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tetrahydro-2H-pyran-2-yl-hydroxylamine (6.88 g, 46.1 
mmol) and PyBroP (5.16 g, 11.1 mmol) , and the 
solution was stirred at ambient temperature for 18 
hours. The solution was concentrated in vacuo and 
5 the residue was dissolved into ethyl acetate. The 
solution was washed with H 2 0 and saturated NaCl, and 
dried over magnesium sulfate. Chromatography (on 
silica, ethyl acetate/hexane) provided the protected 
hydroxamate as a white solid (2.8 g, 56%). 

10 Part D: HC1 gas was bubbled for 10 minutes 

into a solution of the protected amine of part C (2.8 
g, 5.1 mmol) in ethyl acetate (100 mL) , and the 
solution was then stirred for 1 hour. The solution 
was concentrated in vacuo and the solid 

15 recrystallized (ethanol) to provide the title 

compound as a white solid (1.12 g, 45%). MS(CI) MH* 
calculated for C 21 H 21 N 2 0 4 S 2 F: 44 9, found 44 9. 

Example 25: Preparation of 4- [ [4- [ (4-chlorophenyl) - 
20 thio] phenyl] sulf onyl] tetrahydro-N- 

hydroxv- 2H-pyran- 4 - carboxamiri* 




25 Part A: To a solution of the 

tetrahydropyran compound of Example 11, part C (8.0 
g, 26.5 mmol) in THF (250 mL) was added potassium 
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trimethylsilonate (10.2 g, 79.5 mmol) , and the 
solution was stirred for 1.5 hours. The reaction was 
quenched by the addition of H 2 0, acidified to a pH 
value of 2.5, and the solution was extracted with 
5 ethyl acetate. The organic layer was washed with 
saturated NaCl and dried over Na 2 S0 4 . Concentration 
in vacuo provide the acid salt as a white solid (5.78 
g, 76%) . 

Part B: To a solution of the acid salt of 

10 part A (5.4 g, 18.7 mmol) in DMF (35 mL) were added 
HOBT(3.04 g, 22.5 mmol), N-methylmorpholine (6.2 mL, 
56.2 mmol), 0-tetrahydro-2H-pyran-2-yl-hydroxylamine 
(6.8 g, 58.1 mmol) and EDC (5.0 g, 26.2 mmol), and 
the solution was stirred for 3 hours at ambient 

15 temperature. The solution was concentrated in vacuo, 
the residue partitioned between ethyl acetate and H 2 0, 
and the organic layer was washed with 5 percent 
aqueous KHSO,, H 2 0, saturated NaHC0 3 and saturated 
NaCl, and then dried over Na 2 S0 4 . Concentration in 

20 vacuo provided the protected hydroxamate as a white 
solid (6.34 g, 87%) . 

Part C: To a solution of p- 
chlorothiophenol (2.71 g, 18.7 mmol) in DMF (10 mL) 
was added KjCOj (2.6 g, 18.7 mmol) followed by the 

25 protected hydroxamate of part B (2.9 g, 7.5 mmol) and 
the solution was heated at 75 degrees Celsius for 5 
hours. The solution was concentrated in vacuo, the 
residue partitioned between ethyl acetate and H 2 0, the 
organic layer was washed with saturated NaCl, and 

30 dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane/methanol) provided the sulfide as a 
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white foam (3.56 g, 93%). MS(CI) MH* calculated for 
C 23 H 26 C1N0 6 S 2 : 512, found 512. 

Part D: To a solution of the sulfide of 
part C (3.5 g, 6.8 mmol) in dioxane (10 mL) was added 
5 4N HCI in dioxane (10 mL) . After 10 minutes of 

stirring, methanol (10 mL) was added with continued 
stirring for one hour. The solution was concentrated 
in vacuo. Recrystallization (acetone/hexane) 
provided the title compound as a white solid (2.4 g, 
10 83%). MS(CI) MH* calculated for C 18 H l8 ClNO s S : 428, found 
428. 



Example 26: Preparation of Tetrahydro-N-hydroxy- 
4- [ [4- [4- (lH-l,2,4-triazol-l-yl) 
phenoxy] -phenyl] -sulfonyl] -2H-pyran-4- , 
carboxamide . monohvdrohl o-r-i flfi 



HOHN 




20 Part A: To a solution of the protected 

hydroxamate of Example 25, part B (2.9 g, 7.5 mmol) 
in DMF (10 mL) was added 4- (1,2 ,4-triazol-l-yl)phenol 
(2.47 g, 15 mmol) in DMF (5 mL) followed by Cs 2 C0 3 
(7.33 g, 22.5 mmol), and the solution was heated at 

25 95 degrees Celsius for 5 hours. The solution was 

concentrated in vacuo and the residue was partitioned 
between ethyl acetate and H 2 0. The organic layer was 
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10 



washed with saturated NaCl and dried over Na 2 S0 4 . 
Chromatography (on silica, ethyl 

acetate/hexane/methanol) provided the phenol as a 
white solid (3.16 g, 80%). 

Part B: To a solution of the phenol of 
part A (2.8 g, 5.3 mmol) in dioxane (10 mL) was added 
4N HCI in dioxane (10 mL) . After 5 minutes of 
stirring, methanol (10 mL) was added and stirring was 
continued for 1 hour. The solution was then poured 
into ethyl ether, and the resulting precipitate was 
collected by vacuum filtration to provide the title 
compound as a white solid (2.44 g, 96%). MS(CI) MH + 
calculated for C 20 H 20 N 4 O 6 S: 445, found 445. 



15 Example 27: 



Preparation of l-cyclopropyl-4- [ [4- [ (4- 
f luorophenyl) thio] phenyl] sulfonyl] -N- 
hydroxy-4 -piperidinecarboxamide , 
monohvdrochloride 



20 



HOHN 




25 



Part A: HCI gas was bubbled for 7 minutes 
into a solution of the sulfide of Example 9, part D 
(7.06 g, 13.5 mmol) in ethyl acetate (150 mL) , and 
the solution was stirred for 15 minutes at zero 
degrees Celsius. The solution was concentrated in 
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vacuo to provide the amine as a white solid (6.43 g, 
quantitative yield) . 

Part B: To a solution of the amine of part 
A (6.4 g, 13.9 mmol) in methanol (65 mL) was added 
5 acetic acid (7.96 mL, 139 mmol) and a scoop of 3A 
molecular sieves. To this mixture was added (1- 
ethoxycyclopropyl) -oxytrimethylsilane (16.8 mL, 84 
mmol) followed by sodium cyanoborohydride (3.9 g, 62 
mmol) . The solution was heated to reflux for 6 

10 hours. The solution was filtered and the filtrate 

was concentrated in vacuo. The residue was dissolved 
into ethyl acetate, washed with H 2 0, 2N NaOH and 
saturated NaCl, and dried over magnesium sulfate. 
Filtration through a pad of silica (hexane/ethyl 

15 acetate) provided the cyclopropyl amine as a white 
solid (6.49 g, quantitative yield). 

Part C: To a solution of the cyclopropyl 
amine of part B (6.4 g, 13.8 mmol) in ethanol (30 mL) 
and THF (3 0 mL) was added NaOH (5.5 g, 13 8 mmol) in 

20 H 2 0 (23 mL) , and the solution was heated to 65 degrees 
Celsius for 12 hours. The solution was concentrated 
in vacuo and the aqueous layer was acidified to a pH 
value of 2 with 2N HC1 . The resulting white 
precipitate was collected by filtration to provide 

25 the acid as a white solid (5.2 g, 87%). MS(CI) MH* 
calculated for C 21 H 22 N0 4 S 2 F : 436, found 436. 

Part D: To a solution of the acid of part 
C (2.27 g, 5.2 mmol) in DMF (60 mL) was added HOBT 
(845 mg, 6.2 mmol) followed by N-methylmorpholine 

30 (1.71 mL, 15.6 mmol), EDC (1.40 g, 7.28 mmol) and O- 
tetrahydro-2H-pyran~2-yl-hydroxylamine (913 mg, 7.8 
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mmol) , and the solution was stirred at ambient 
temperature for 72 hours. The solution was 
concentrated in vacuo, the residue was dissolved into 
dichloromethane and washed with H 2 0 and saturated 
5 NaCl, and then dried over magnesium sulfate. 

Chromatography (on silica, hexane/ethyl acetate) 
provided the protected hydroxamate as a white solid 
(1.95 g, 70%) . 

Part E: To a solution of the protected 
10 hydroxamate of part D (3.2 g, 6.0 mmol) in cold 

methanol (100 mL) was added acetyl chloride (1.3 mL, 
18.0 mmol) in methanol (30 mL) , and the solution was 
stirred at ambient temperature for 4 hours. The 
solution was concentrated in vacuo and the residue 
15 was triturated with ethyl ether to provide the title 
compound as a white solid (2.86 g, 98%). MS (CI) MH* 
calculated for C 21 H 23 N 2 0 4 S 2 F: 451, found 451. 
Analytical calculation for C 21 H 23 N 2 0 4 S 2 F 0.25H 2 O HCl : C, 
51.32; H, 5.02; N, 5.70; S, 13.05; Cl , 7.21. Found: 
20 C # 50.99; H, 4.91; N, 5.65; S, 13.16; Cl , 7.83. 

Example 28: Preparation of N-hydroxy-4- [ [4- 

(phenylthio) phenyl] sulfonyl] -1- (2- 
propenyl) -4-piperidine carboxamide, 
25 monohydrochloride 
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Part A: To a solution of the amine 
hydrochloride salt of Example 9, part E (4.78 g, 10.8 
5 mmol) in DMF (25 mL) were added KjCO, (2.98 g, 21.6 
mmol) and allyl bromide (0.935 mL, 10.8 mmol), and 
the solution was stirred for 5 hours at ambient 
temperature. The solution was partitioned between 
ethyl acetate and H 2 0, and the organic layer was 

10 washed with H 2 0 and saturated NaCl, and dried over 
magnesium sulfate. Filtration through a pad of 
silica (hexane/ethyl acetate) provided the allyl 
amine as an oil (4.80 g, quantitative yield). 

Part B: To a solution of the allyl amine 

15 of part A (4.8 g, 10.8 mmol) in ethanol (25 mL) and 
THF (25 mL) was added NaOH (4.3 g, 108 mmol) in H 2 0 
(20 mL) , and the solution was heated to 65 degrees 
Celsius for 18 hours. The solution was concentrated 
in vacuo and diluted with H 2 0. The aqueous solution 

20 was acidified to a pH value of 3. The resulting 
precipitate was collected by vacuum filtration to 
provide the acid as a beige solid (4.1 g, 84%). 
MS (CI) MH* calculated for C 21 H 2J N0 4 S 2 : 418, found 418. 

Part C: To a solution of the acid of part 

25 B (4.1 g, 9.0 mmol) in DMF (90 mL) was added 
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H0BT(1.46 g, 11.0 mmol) followed by N- 
methylmorpholine (2.97 mL, 2.7 mmol), O-tetrahydro- 
2H-pyran-2-yl -hydroxylamine (1.58 g, 13.5 mmol) and 
EDC (2.42 g, 13.0 mmol), and the solution was stirred 
5 for 72 hours. The solution was concentrated in 

vacuo. The residue was dissolved in d i chl or ome thane 
and washed with H 2 0 and saturated NaCl, and then 
dried over magnesium sulfate. Chromatography (on 
silica, ethyl acetate/methanol) provided the 
10 protected hydroxylamine as a white solid (4.11 g, 
88%) . 

Part D: To a solution of the protected 
hydroxylamine of part C (4.11 g, 8.0 mmol) in ethyl 
acetate (100 mL) cooled to zero degrees Celsius was 

15 added acetyl chloride (1.71 mL, 24.0 mmol), and the 
solution was stirred for 4 hours at ambient 
temperature. The solution was concentrated in vacuo 
and trituration with ethyl ether provided the title 
compound as a white solid (3.53 g, 95%). Analytical 

2 0 calculation for C 21 H 24 N 2 0 4 S 2 HC1 0.5H 2 O: C, 52.76; H, 

5.48; N, 5.86; S, 13.42; Cl , 7.42. Found: C, 52.57; 
H, 5.69; N, 6.29; S, 12.59; Cl , 7.80. 

Example 29: Preparation of 1- (cyclopropylmethyl) -N- 
25 hydroxy- 4- [ (4-phenoxyphenyl) sulfonyl] -4- 

p jperjdine carboxamide . mono hvdrochloride 
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HOHN 




Part A: To a solution of the amine 
hydrochloride salt of Example 6, part E (2.13 g, 5.0 
5 ramol) in DMF (10 mL) were added KaC0 3 (1.4 g, 10.0 
mmol) and bromomethylcyclopropane (0.48 rnL # 5.0 
mmol), and the solution was stirred for 18 hours at 
ambient temperature. The solution was partitioned 
between ethyl acetate and H 2 0, the organic layer was 

10 washed with H 2 0 and saturated NaCl, and then dried 
over magnesium sulfate. Chromatography (on silica, 
ethyl acetate/hexane) provided the solid 
cyclopropylmethylamine (2.09 g, 91%). 

Part B: To a solution of the 

15 cyclopropylmethylamine of part A (2.0 g, 4.4 mmol) in 
ethanol (12 mL) and THF (12 mL) was added NaOH (1.75 
g, 44 mmol) in H 2 0 (10 mL) , and the solution was 
heated to 6 5 degrees Celsius for 18 hours. The 
solution was concentrated in vacuo and the aqueous 

20 residue was acidified to a pH value of 5. The 
resulting precipitate was collected by vacuum 
filtration to provide the acid as a white solid (1.58 
g, 79%). HRMS calculated for C 22 H 25 N0 5 S: 414.1375, 
found 414.1334. 
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Part C: To a solution of the acid of part 
B (1.58 g, 3.5 mmol) in dichlorome thane (50 tnL) was 
added triethylamine (1.46 mL, 10.5 mmol) followed by 
50 percent aqueous hydroxylamine (2.3 mL, 35 mmol) 
5 and PyBroP (3.26 g, 6.99 mmol), and the solution was 
stirred at ambient temperature for 72 hours. The 
solution was washed with H 2 0 and saturated NaCl, and 
dried over magnesium sulfate. Reverse phase 
chromatography (on silica, acetonitrile/H 2 0) provided 
10 the hydroxamate as a white solid (3.2 g, quantitative 
yield) . 

Part D: To a solution of the hydroxamate 
of part C (1.5 g, 3.5 mmol) in cold methanol (20 mL) 
was added acetyl chloride (0.25 mL, 3.5 mmol) in 

15 methanol (5 mL) and the solution was stirred at zero 
degrees Celsius for 15 minutes. After the solution 
had stirred for an additional 30 minutes at ambient 
temperature, it was concentrated in vacuo. 
Trituration with ethyl ether provided the title 

20 compound as a white solid (229 mg, 7 %) . 

Example 30: Preparation of N-hydroxy-l- (2- 

methoxyethyl) -4- [ (4-phenoxyphenyl) - 
sulfonyl] -4-piperidine carboxamide, 
25 monohvdr c hloriHg 
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HOHN 




Part A: To a solution of the amine HCI salt 
of part E, Example 6 (2.5 g, 5,87 mmol) and (1.6 
g, 11.57 mmol) in N,N-dimethylf ormamide (25 mL) was 
5 added 2-bromoethyl methyl ether (0.66 mL, 7.0 mmol) 
and then stirred at ambient temperature for 18 hours. 
Then N,N-dimethylf ormamide was evaporated under high 
vacuum and residue was diluted with ethyl acetate. 
The organic layer was washed with water and dried 

10 over Mg 2 S0 4 . Concentration in vacuo provided the 
methoxyl ethyl amine as light yellow gel (2.63 g, 
quantitative yield) . 

Part B: To a solution of the methoxyl 
ethyl amine of part A (2.63 g, 5.87 mmol) in 

15 tetrahydrofuran (18 mL) and ethanol (18 mL) was added 
NaOH (2.1 g, 5.25 mmol) in water (6 mL) . The 
solution was heated to reflux for 12 hours. The 
solution was concentrated in vacuo and diluted with 
water. The aqueous layer was extracted with ether 

20 (2X100 mL) and was acidified to pH=2 . Vacuum 

filtration of the resulting precipitation provided 
the acid as a white solid (2.4 g, quantitative 
yield) . 

Part C: To a solution of the acid of part 
25 B (2.0 g, 4.33 mmol), also containing N-methyl 
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morpholine (1.8 mL, 16.4 mmol) , and 0-tetrahydro-2H- 
pyran-yl-hydroxylamine (0.767 g, 6.44 mmol) in N,N- 
dimethylformamide (20 mL) was added 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
5 hydrochloride (3.1 g, 16.2 mmol), and solution was 
stirred at ambient temperature for 20 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with H 2 0 and dried over Mg 2 S0 4 . 

10 Concentration in vacuo provided the amide as off 
white foam (1.60 g, 71.1%). 

Part D: To a solution of the amide of part 
C (1.58 g, 3,05 mmol) in methanol (20 mL) cooled to 
zero degrees Celsius was added acetyl chloride (0.65 

15 mL, 9.15 mmol) and the resulting solution was stirred 
at the same temperature for 3 hours. The solution 
was concentrated and reverse phase chromatography (on 
C-18 silica, acetonitrile/H 2 0 with 0.01% HCl) provided 
hydroxamate HCl salt as a white solid (0.65 g, 

20 45.5%). Analytical calculation for 

C 21 H 26 N 2 O 6 S.HC1.0.75H 2 O: C, 52.06; H, 5.93; N, 5.78; S, 
6.62. Found: C, 51.94; H, 5.67; N, 5.91; S, 6.66. 
HSMS calculated for C 21 H 26 N 2 0 6 S: 43 5.1590, found 
435.1571. 

25 

Example 31: Preparation of N-hydroxy-4- 

[ (4-phenoxyphenyl) sulfonyl] -1- (1- 
pyrrolidinylacetyl) -4-piperidine 
qarboxamide, monohvdrochloride 

30 
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Part A: To a solution of the sulfone of 
part D, Example 6 (2.75g, 5.6mmol) in 
5 tetrahydrofuran (lOmL) and ethanol (lOmL) was added 
NaOH (2.25g, 56mmol) in H 2 0 (20 mL) , and the solution 
was heated to 70 degrees Celsius for 20 hours. The 
solution was concentrated in vacuo and the dry 
residue was dissolved in H 2 0. The aqueous layer was 

10 extracted with ether and was acidified to pH=2 

followed by the extraction with ethyl acetate. The 
combined organic layers were washed again with H 2 0 and 
dried over Mg 2 S0 4 . Concentration in vacuo provided 
the BOC-acid as white foam (2.3g, 88.8%) 

15 Part B: To a solution of BOC-acid of part 

A (2.3g, 4.98mmol) in dichloromethane (6 mL) was 
added trif luroacetic acid (6 mL, 77.8 mmol) , and the 
resulting solution was stirred at ambient temperature 
for 1 hour. Concentration in vacuo provided the 

20 amine as white foam (2.44g, quantitative yield). 

Part C: To the solution of the amine of 
part B (2.4 g, 4.9 mmol) and triethylamine (3.5 mL, 
24.4 mmol) in acetone (15 mL) and H 2 0 (15 mL) was 
added chloroacetyl chloride (1.2 mL, 14.7 mmol), and 

2 5 solution was stirred at ambient temperature for 2 0 
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hours. Then acetone was evaporated and aqueous layer 
was acidified to pH=2. The aqueous layer was 
extracted with ethyl acetate and the organic layer 
was washed with water and dried over Mg 2 S0 4 . 
5 Concentration in vacuo provided the chloroacetyl 
amide as light yellow gel (2.78 g, quantitative 
yield) . 

Part D: To the solution of the 
chloroacetyl amide of part C (2.78 g, 4.93mmol) and 

10 K 2 C0 3 (5 g, 36 mmol) in N,N-dimethylformamide (20 mL) 
was added pyrolidine (3 mL, 36 mmol) . The solution 
was then stirred at ambient temperature for 18 hours. 
Then N,N- dimethyl formamide was evaporated under high 
vacuum and reverse phase chromatography (on C-18 

15 silica, acetonitrile/H 2 0 with 0.01% HC1) provided 
pyrolidine acetyl amide (0.25g, 10.7%). 

Part E: To a solution of the pyrolidine 
acetyl amide of part D (0.25 g, 0.53 mmol), also 
containing N-methyl morpholine (0.14 mL, 1.27 mmol) , 

20 1-hydroxybenzotriazole (0.17 g, 1.2 mmol) and O- 

tetrahydro-2H-pyran-yl-hydroxylamine (0.15 g, 1.26 
mmol) in N,N-dimethylformamide (4 mL) was added l-[3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (0.23 g, 1.2 mmol). The solution was 

25 then stirred at ambient temperature for 18 hours. 

The solution was concentrated under high vacuum and 
the residue was dissolved in ethyl acetate. The 
organic layer was washed with saturated NaHC0 3 , H 2 0 
and dried over Mg 2 SO„. Concentration in vacuo 

30 provided the THP amide as white foam (0.25 g, 83.3%). 
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Part F: To a solution of the amide of part 
E (0.25 g, 0.437 mmol) in methanol (4 mL) cooled to 
zero degrees Celsius was added acetyl chloride (0.075 
mL, 1.05 mmol), and the resulting solution was 
5 stirred at ambient temperature for 2.5 hours. The 
solution was concentrated and reverse phase 
chromatography (on C-18 silica, acetonitrile/H 2 0 with 
0.01% HC1) provided hydroxamate HCl salt as a white 
solid (80 mg, 29%). Analytical calculation for 
10 C 24 H 29 N 3 O 6 S.HC1.0.9H 2 O: C, 53.36; H, 5.98; N, 7.78. 

Found: C, 53.61; H, 5.71; N, 7.94. HSMS calculated 
for C 24 H 29 N 3 0 6 S: 488.1855, found 488.1835. 



Example 32: Preparation of 1-cyclopropyl-N-hydroxy- 
4- [ [4- (phenylthio) phenyl] sulfonyl] -4- 
piperidine carboxamide, 
monohvdrochl or i 




20 

Part A: A solution of 4 -f lurothiophenol 
(50.29 g, 0.39 mmol) in dimethyl sulfoxide (500 mL) 
was heated to 65 degrees Celsius for 5 hours. The 
solution was cooled to ambient temperature and poured 
25 into vigorously stirred ice water. The precipitate 
was filtered and washed twice with water. Drying 
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under high vacuum provided the disulfide as a yellow 
oil (34.39 g, 68.9%) at ambient temperature. 

Part B: A solution of di-tert -butyl 
dicarbonate (21.8 g, o.l mol) in tetrahydrofuran (5 
5 mL) was added dropwise over 20 minutes to a solution 
of ethyl isonipecotate (15.7 g, 0.1 mol) in 
tetrahydrofuran (100 mL) . The resulting solution was 
stirred overnight (about eighteen hours) at ambient 
temperature and concentrated in vacuo to yield a 

10 light oil. The oil was filtered through silica gel 
(ehyl acetate /hexane) and concentrated in vacuo to 
give the BOC-piperidine compound as a clear, 
colorless oil (26. 2g, quantitative yield). 

Part C: To a solution of BOC-piperidine 

15 compound of part B (15.96 g, 62 mmol) in 

tetrahydrofuran (300 mL) , cooled to minus forty 
degrees Celsius, was added lithium diisopropyl amide 
(41.33 mL, 74 mmol) . The solution was then stirred 
at minus forty degrees C for one hour and zero 

20 degreec C for one -half hour. Then the solution was 
cooled to minus forty degrees Celsius again and the 
disulfide of part A (15.77 g, 62 mmol) in 
tetrahydrofuran (20 mL) was added. The resulting 
solution as stirred at ambient temperature for 18 

25 hours. The solution was diluted with H 2 0 and 

extracted with ethyl acetate. The organic layer was 
washed with H 2 0 and saturated NaCl and dried over 
MgS0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the sulfide as an oil (18 g, 

30 75%) . 
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Part D: To a solution of the sulfide of 
part C (16.5 g, 43 mmol) in d i chl or ome thane (500 mL) 
cooled to zero degrees Celsius, was added m- 
chloroperbenzoic acid (18.5 g, 107 mmol) . After 2 
5 hours, the solution was diluted with dichloromethane 
and washed with IN KOH, H 2 0 and dried over MgS0 4 . 
Concentration in vacuo provided the sulfone as a 
solid (21 g, quantitative yield) . 

Part E: To a solution of sulfone (4 0 g, 96 

10 mmol) of part D and powdered KjC0 3 (26 g, 188 mmol) in 
N,N-dimethylformamide (200 mL) cooled to zero degrees 
Celsius was added thiolphenol (19.8 mL, 192 mmol), 
and the reculting composition was then stirred at 
ambient temperature for 36 hours. That solution was 

15 concentrated under high vacuum and the residue was 
dissolved in ethyl acetate. The organic layer was 
washed with H 2 0 and dried over magnesium sulfate. 
Chromatography (on silica, ethyl acetate/hexane) 
provided phenyl thiophenyl Boc-sulfone as white solid 

20 (44.34 g, 91%) . 

Part F: To a solution of phenyl 
thiophenyl Boc-sulfone of part E (8.6 g, 17 mmol) in 
dichloromethane (30 mL) cooled to zero degrees 
Celsius was added trif luroacetic acid (TFA; 30 mL) , 

25 and the resulting solution was stirred at ambient 
temperature for 2 hours. Concentration in vacuo 
provided the amine TFA salt as a light yellow gel 
(8.7 g, quantitative yield). 

Part G: To a solution of amine TFA salt of 

30 part F (6g, 11.9mmol) was added acetic acid (6.8 mL, 
119mmol) . After 5 minutes stirring at ambient 
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temperature, (l- 

ethoxylcyclopropyDoxytriomethylsilane (14.3 mL, 71.4 
mmol) was added followed 5 minutes later by the 
addition of sodium cyanoboran hydrate (3.35 g, 
5 53.55mmol). Then the solution was heated to reflux 
for 18 hours. Methanol was evaporated and residue 
was dissolved in ethyl acetate. The organic layer 
was washed with IN NaOH, H 2 0 and dried over Mg 2 S0 4 . 
Concentration in vacuo gave the eye lopropyl amine as 

10 an off-white powder (4.9 g, 92.6%). 

Part H: To a solution of the 
cyclopropylamine of part G (4.88 g, 10.95 mmol) in 
tetrahydrofuran (12.5 mL) and ethanol (12.5 mL) was 
added NaOH (4.3 g, 100 mmol) in water (25 mL) . The 

15 solution was then heated to 50-55 degrees Celsius for 
12 hours and was stirred at ambient temperature for 
18 hours. Solution was acidified to pH=2 and 
concentration in vacuo provided the acid as white 
solid together with NaCl in the mixture. To a 

20 solution of this mixture in acetonitrile (50 mL) were 
added O-tetrahydropyronylamine (1.95 g, 16.3 mmol), 
N-methylmorpholine (2.4 mL, 21.9 mmol), and 1- [3- 
( dimethyl ami no) propyl] -3-ethylcarbodiimide 
hydrochloride (3.14 g, 16.3mmol) in sequence. The 

25 solution was then stirred at ambient temperature for 
18 hours. The solution was concentrated in vacuo and 
the residue was dissolved in ethyl acetate. The 
organic layer was washed with H 2 0 and dried over 
Mg 2 S0 4 . Concentration in vacuo provided the 

30 tetrehyrdopyronyl (THP) amide as white solid (3.0 g, 
53.1%) . 
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Part I: To a solution of the THP amide of 



10 



15 



20 



part H (3 g, 5.8 mmol) in methanol (45 mL) cooled to 
zero degrees Celsius was added acetyl chloride (1.5 
mL, 21.1 mmol), and the solution was stirred at 
ambient temperature for 2.5 hours. Vacuum filtration 
of the precipitate provided hydroxamate HCl salt as a 
white solid (1.844 g, 68.3%). Analytical calculation 
for C 21 H 24 N 2 0 4 S 2 .HC1: C, 53.78; H, 5.37; N, 5.97; S, 
13.67. Found: C, 53.40; H, 5.26; N, 5.95; S, 13.68. 

Example 33: Preparation of N-hydroxy-l-methyl-4- [ [4- 
(phenylthio) phenyl ] sulfonyl] -4- 
PlPeridi necarboxam-iH^ , monohyHr- ochlariHg 



Part A: To a solution of amine TFA salt of 
part F, Example 32 (2.67 g, 5.14 mmol) and 37% 
formaldehyde in aqueous solution (2.0 mL, 25.7 mmol) 
in methanol (20 mL) was added borane pyridine (2.6 
mL, 25.7 mmol) at ambient temperature. The solution 
was then stirred at ambient temperature for 18 hours. 
The solution was acidified to destroy excess reagent. 
Methanol was evaporated and the residue was 
partitioned between NaHCO, aqueous solution and ethyl 
acetate. The NaHC0 3 aqueous layer was extracted with 
ethyl acetate. The combined organic layers were 
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washed with H 2 0 and dried over Mg 2 S0 4 . Concentration 
in vacuo gave the methyl amine as off white foam (1.6 
g, 76%) . 

Part B: To a solution of the methyl amine 
5 of part A (1.63 g, 3.88 mmol) in ethanol (20 mL) was 
added KOH (1.31 g, 23.2 mmol) in water (4 mL) , and 
the resulting solution was heated to 50 degrees 
Celsius for 8 hours, 70 degree Celsius for 4 hours 
and stirred at ambient temperature for 18 hours. The 

10 solution was acidified and concentrated in vacuo 

providing the acid as white solid together with NaCl 
in the mixture. To a solution of this mixture in 
N,N-dimethylformamide (50 mL) were added O- 
tetrahydropyronylamine (0.92 g, 7.76 mmol), N- 

15 methylmorpholine (1.05 mL, 7.76 mmol), and 1- [3- 
(dimethylamino) propyl] -3 - ethyl carbodiimide 
hydrochloride (1.5 g, 7.76mmol) in sequence. The 
solution was stirred at ambient temperature for 72 
hours. The solution was concentrated in high vacuum 

20 and the residue was dissolved in ethyl acetate. The 
organic layer was washed with saturated NaHC0 3 , H 2 0 
and dried over Mg 2 S0 4 . Concentration in vacuo and 
chromatography (silica, dichloromethane/methanol) 
provided the THP amide as white solid (0.46 g, 

25 24.2%). 

Part C: To a solution of the THP amide of 
part B (0.22 g, 0.45 mmol) in methanol (5 mL) cooled 
to zero degrees Celsius was added acetyl chloride 
(0.096 mL, 13.5 mmol), and the resulting solution was 
30 stirred at ambient temperature for 3 hours. The 

solution was concentrated in vacuo and reverse phase 
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chromatography (on C-18 silica, acetonitrile/H 2 0 with 
0.01% HC1) provided hydroxamate HCl salt as a white 
solid (0.12 g, 60.6%). HSMS calculated for C 19 H 22 N 2 0 4 S 2 : 
407.1099, found 407.1105. 

5 

Example 34: Preparation of N-hydroxy-1- (1- 
methylethyl) -4- [ [4- (phenylthio) 
phenyl] sulfonyl] -4-piperidinecarboxamide, 
monohvdrochlori rfe> 

10 




Part A: Into a solution of BOC-sulfone of 
part E, Example 32 (11.19 g, 22.12 mmol) in ethyl 

15 acetate (150 mL) cooled to zero degrees Celsius was 
bubbled HCl gas for 20 minutes. The solution was 
stirred at the same temperature for another 40 
minutes. Concentration in vacuo and titration with 
ether provided the amine HCl salt (9.88 g, 

20 quantitative yield) . 

Part B: To a solution of amine HCl salt of 
part A (4.7 g, 10.6 mmol), triethylamine (2.0 mL, 
14.4 mmol) and acetone (2.0 mL, 27.2 mmol) in 
dichloromethane (100 mL) were added sodium 

25 triacetoxylborohydride (5.7 g, 26.9 mmol) followed by 
acetic acid (1.5 mL, 26.9 mmol) at ambient 
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temperature. The solution was stirred for 18 hours 
and then partitioned in IN NaOH and ether. The 
aqueous layer was extracted with ether and combined 
organic layers were washed with IN NaOH, H 2 0 and dried 
5 over Mg 2 S0 4 . Concentration in vacuo gave the 
isopropyl amine as white foam (4.58 g, 96.2%). 

Part C: To a solution of the isopropyl 
amine of part B (4.58 g, 10.2 mmol) in 
tetrahydrofuran (10 mL) and ethanol (10 mL) was added 

10 NaOH (2.1 g, 5.25 mmol) in water (20 mL) . The 

solution was heated to 60 degrees Celsius for 13.5 
hours, then stirred at ambient temperature for 18 
hours. The solution was acidified and concentrated 
in vacuo providing the acid as white solid together 

15 with NaCl in the mixture. To a solution of this 

mixture in N,N-dimethylformamide (75 mL) were added 
1-hydroxybenzotriazole (1.94 g, 14.4 mmol), O- 
tetrahydropyronylamine (1.8 g, 15.1 mmol), N- 
methylmorpholine (3.37 mL, 30.7 mmol), and 1- [3- 

20 , (dimethylamino) propyl] -3-ethylcarbodiimide 

hydrochloride (2.74 g, 14.3mmol) in sequence. The 
solution was stirred at ambient temperature for 4 8 
hours. The solution was concentrated in high vacuum 
and the residue was dissolved in ethyl acetate. The 

25 organic layer was washed with saturated NaHC0 3 , H 2 0 
and dried over Mg 2 S0 4 . Concentration in vacuo and 
chromatography (silica, dichloromethane/methanol) 
provided the THP amide as white solid (3.78 g, 
71.3%) . 

30 Part D: To a solution of the THP amide of 

part C (1.15 g, 2.2 mmol) in methanol (20 mL) was 
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added acetyl chloride (0.096 mL, 13.5 mmol), and the 
resulting solution was stirred at ambient temperature 
for 2.5 hours. The solution was concentrated in 
vacuo and reverse phase chromatography (on C-18 
5 silica, acetonitrile/H 2 0 with 0.01% HCl) provided 
hydroxamate HCl salt as a white solid (0.69 g, 
66.3%). Analytical calculation for C 21 H 26 N 2 0 4 S 2 .HC1 .H 2 0: 
C, 51.58; H, 5.98; N, 5.73; S, 13.11. Found: C, 
51.76; H, 5.47; N, 5.72; S, 12.68. 

10 

Example 35: Preparation of N-hydroxy-1- (2- 

methoxyethyl) -4- [ [4- (phenylthio) phenyl] - 
sulf onyl ] -4 -piperidinecarboxamide , 
monphydrochloride 

15 




CH 3 



Part A: To the solution of the amine HCl 
20 salt of part A, Example 34 (4.3 g, 9.43 mmol) and 

I^CC^ (2.62 g, 19.0 mmol) in N, N-dimethylf ormamide (40 
mL) was added 2-bromoethyl methyl ether (1.9 mL, 20.2 
mmol) . The solution was stirred at ambient 
temperature for 48 hours. Then N, N-dimethylf ormamide 
25 was evaporated under high vacuum and the residue was 
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diluted with ethyl acetate. The organic layer was 
washed with water and dried over Mg 2 S0 4 . 
Concentration in vacuo provided the methoxyl ethyl 
amine as white foam (4.26 g, 95.3%). 
5 Part B: To a solution of the methoxyl ethyl 

amine of part A (4.26 g, 9.2 mmol) in tetrahydrof uran 
(5 mL) and ethanol (5 mL) was added NaOH (3.7 g, 92.5 
mmol) in water (9 mL) . The solution resulting was 
heated to 60 degrees Celsius for 12 hours and stirred 

10 at ambient temperature for 18 hours. The solution 
was concentrated in vacuo and diluted with water. 
The aqueous layer was extracted with ether (2X100 mL) 
and was acidified to pH=2 . Vacuum filtration of the 
resulting precipitate provided the acid as a while 

15 solid (3.5 g, 87.5%) . 

Part C: To a solution of the acid of part 
B (3.4 g, 7.8 mmol) # also containing N-methyl 
morpholine (2.6 mL f 23.4 mmol), 1- 
hydroxybenzotriazole (3.16 g, 23.4 mmol), and O- 

20 tetrahydro-2H-pyran-2-yl-hydroxylamine (1.85 g, 15.5 
mmol) in N,N-dimethylf ormamide (20 mL) was added 1- 
[3- (dimethyl amino) propyl] -3 - ethyl carbodiimide 
hydrochloride (4.47 g, 23.4 mmol). The solution was 
stirred at ambient temperature for 36 hours. The 

25 solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated NaHC0 3# H20 and dried 
over Mg 2 S0 4 . Concentration in vacuo provided the 
amide as off white solid (2.98 g, 71.5%). 

30 Part D: To a solution of the amide of part 

C (2.98 g, 5.6 mmol) in methanol (4 0 mL) cooled to 
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zero degrees Celsius was added acetyl chloride (1.19 
mL, 16.8 mmol) , and the resulting solution was 
stirred at the ambient temperature for 3 hours. The 
solution was concentrated and reverse phase 
5 chromatography (on C-18 silica, acetonitrile/H 2 0 with 
0.01% HCI) provided hydroxamate HCI salt as a white 
solid (2.29 g, 84.6%). Analytical calculation for 
C 21 H 26 N 2 O 6 S.HCl.0.9H 2 O: C, 50.12; H, 5.77; N, 5.57; S, 
12.74. Found: C, 50.41; H, 5.85; N, 5.73; S, 12.83. 

10 

Example 36: Preparation of 1 -acetyl -N-hydroxy-4 -[ [4- 
(phenylthio) phenyl] sulfonyl] -4- 
pjperidinecarboxamide . m onohvdrorhloride 




Part A: To a solution of the phenyl 
thiophenyl BOC-sulfone of part E, Example 32 (7 g, 
1.29 mmol) in tetrahydrofuran (25 mL) and ethanol (25 

20 mL) was added NaOH (5.1 g, 12.9 mmol) in H 2 0 (50 mL) . 
The solution was heated to reflux for 20 hours. On 
cooling, the solution was concentrated in vacuo and 
the dry residue was dissolved in H 2 0. The aqueous 
layer was extracted with ether and was acidified to 

25 pH=2 followed by the extraction with ethyl acetate. 

The combined organic layers were washed again with H 2 0 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-363- 



and dried over Mg 2 S0 4 . Concentration in vacuo 
provided the BOC-acid as white foam (3.9 g, 60%) 

Part B: To a solution of BOC-acid of part 
A (2.3g, 4.98mmol) in dichlorome thane (6 raL) was 
5 added trif luroacetic acid (6 mL, 77.8 mmol) , and the 
solution was stirred at ambient temperature for 1 
hour. Concentration in vacuo provided the amine as 
white foam (2.44g, quantitative yield). 

Part C: To a solution of the amine of part 

10 B (5.0 g, 12.08 mmol) and triethylamine (8.7 mL, 60.4 
mmol) in acetone (20 mL) and H 2 0 (20 mL) cooled to 
zero degrees Celsius was added acetyl chloride (4.6 
mL, 36 mmol) , and the solution was stirred at ambient 
temperature for 4 0 hours. The acetone was evaporated 

15 and the aqueous layer was acidified to pH=2 . The 
aqueous layer was extracted with ethyl acetate and 
the combined organic layers were washed with water 
and dried over Mg 2 S0 4 . Concentration in vacuo 
provided the acetyl amide as light yellow foam (5 g, 

20 quantitative yield) . 

Part D: To a solution of acetyl amide of 
part C (5 g, 11.9 mmol), also containing N-methyl 
morpholine (5.3 mL, 47.6 mmol), 1- 
hydroxybenzotriazole (4.8 g, 35.7 mmol) and O- 

25 tetrahydro-2H-pyran-yl-hydroxylamine (2.8 g, 23.5 

mmol) in N, N-dimethylf ormamide (50 mL) was added 1- 
[3 (dimethyl amino) propyl] -3 -ethylcarbodiimide 
hydrochloride (6.8 g, 35.7 mmol), and the solution 
was stirred at ambient temperature for 20 hours. The 

30 solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
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layer was washed with saturated NaHC0 3 , KHSO«, H 2 0 and 
dried over Mg 2 S0 4 . Concentration in vacuo provided 
the THP amide as white foam (6.07 g, 98.2%). 

Part E: To a solution of the THP amide of 
5 part D (6.07 g, 11.7 mmol) in methanol (100 mL) 
cooled to zero degrees Celsius was added acetyl 
chloride (2.5 mL, 35.1 mmol) , and the solution was 
stirred at ambient temperature for 3 hours. The 
solution was concentrated and chromatography (on 

10 silica, methanol/ dichlorome thane) provided 

hydroxamate HCI salt as a white solid (3.3 g, 65%). 
Analytical calculation for C 24 H 29 N 3 O 6 S.HCl.0.9H 2 O: C, 
53.36; H, 5.98; N, 7.78. Found: C, 53.61; H, 5.71; 
N, 7.94. HSMS calculated for C 24 H 29 N 3 0 6 S: 488.1855, 

15 found 488.1835. 

Example 37: Preparation of l-acetyl-4- [ [4- (1 , 3- 

benzodioxol-5-yloxy) phenyl] sulfonyl] -N- 
hydroxy-4 -piperidinecarboxamide , 
20 monohvdrochloridg 
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Part A: To a solution of sulfone from Part 
D, Example 32 (25g, 67.3 mrnol) and powdered K^CC^ 
(23.3 g, 16.9 mrnol) in N, N- dimethyl formamide was 
added sesamol (23.24 g, 16.8 mrnol) at ambient 
5 temperature, and solution was heated to ninety 
degrees Celsius for 24 hours. The solution was 
concentrated under high vacuum and the residue was 
dissolved in ethyl acetate. The organic layer was 
washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
10 Chromatography (on silica, ethyl acetate/hexane) 

provided sesamol BOC-sulfone as a white foam (33.6 g, 
93.6%) . 

Part B: To a solution of sesamol BOC- 
sulfone of part E (29.31 g, 54.93 mrnol) in ethanol 

15 (60 mL) and tetrahydrof uran (60 mL) was added NaOH 
(21.97 g, 544 mrnol) from addition funnel over 20 
minutes at ambient temperature. The solution was 
then heated to sixty degrees Celsius for 9 hours, 
then ambient temperature for 12 hours. The solution 

20 was concentrated in vacuo and diluted with water. 
The aqueous layer was extracted with ether and 
acidified to pH=2 . it was then extracted with ethyl 
acetate and the combined organic layers were washed 
with H 2 0 and dried over MgS0 4 . Concentration in vacuo 

25 provided the acid as white solid (25.3, 91%). 

Part C: HC1 gas was bubbled into a solution 
of the acid of part F (20.3 g, 40.15 mrnol) in ethyl 
acetate cooled to zero degrees Celsius. After 1.5 
hours, vacuum filtration of white precipitate 

30 provided the amine HCl salt as a white solid (16 g, 
93.6%) . 
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Part D: To the solution of the amine HCl 
salt of part G (8.1 g, 19.01 mmol) and triethylamine 
(13.2 mL, 95.05 mmol) in acetone (150 mL) and H 2 0 (150 
mL) cooled to zero degrees Celsius was added acetyl 
5 chloride (5.4 mL, 76 mmol). The solution was stirred 
at ambient temperature for 18 hours. The acetone was 
evaporated and aqueous layer was acidified to pH=2 . 
The aqueous layer was extracted with ethyl acetate 
and the combined organic layers were washed with 

10 water and dried over Mg 2 S0 4 . Concentration in vacuo 
provided the acetyl amide as light yellow foam (9.24 
g, quantitative yield) . 

Part E: To the solution of the acetyl 
amide of part D (9.1 g, 20.33 mmol), N-methyl 

15 morpholine (6.7 mL, 61 mmol), 1-hydroxybenzotriazole 
(8.2 g, 60 mmol) and 0-tetrahydro-2H-pyran-yl- 
hydroxylamine (4.85 g, 40 mmol) in N,N- 
dimethylformamide (40 mL) was added 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 

20 hydrochloride (11.65 g, 60 mmol). The resulting 
solution was stirred at ambient temperature for 20 
hours. The solution was then concentrated under high 
vacuum and the residue was dissolved in ethyl 
acetate. The organic layer was washed with saturated 

25 NaHC0 3 , KHS0 4 , H 2 0 and dried over Mg 2 SO«. 

Concentration in vacuo and chromatography (on silica, 
ethyl acetate/hexane) provided the THP amide as white 
a foam (10 g, 89.7%) . 

Part F: To a solution of 4N HCl in dioxane 

30 (20 mL) was added a solution of the amide of part E 
(5.0 g, 9.1 mmol) in methanol (5 mL) and dioxane (15 
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mL) . That solution was stirred at ambient 
temperature for 30 minutes. Vacuum filtration of the 
white precipitate provided the hydroxamate HCl salt 
as a white solid (3.3 g, 65%). Analytical 
5 calculation for C 21 H 22 N 2 0 8 S .HCl : C, 54.34; H, 5.15; N, 
5.49; S, 6.43. Found: C, 54.54; H, 4.79; N, 6.06; S, 
6.93. HSMS calculated for C 21 H 22 N 2 O a S: 463.1175, found 
463.118. 

10 Example 38: Preparation of 4- [[4- (3,4- 

dimethoxyphenoxy) phenyl] sulf onyl] - 
N-hydroxy-1- (2-propynyl) -4- 
pjperidinecarboxamide , monohydroc hloride 




Part A: HCl gas was bubbled into a solution 
of the sulfone of part D, Example 32 (10 g, 24 mmol) 
in ethyl acetate cooled to zero degrees Celsius. 

2 0 After 4 hours, vacuum filtration of the white 

precipitate provided the amine HCl salt as a white 
solid (7.27 g, 86%) . 

Part B: To a solution of the amine HCl 
salt of part A (5.98 g, 17 mmol) and powered K^CC^ 

25 (4.7 g, 34 mmol) in N,N-dimethylf ormamide (120 mL) 
was added propargyl bromide (2.022 g, 17 mmol) at 
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ambient temperature, followed by stirring for 4 
hours. The solution was diluted with ethyl acetate 
and washed with H 2 0, saturated NaCl and dried over 
Mg 2 S0 4 . Concentration in vacuo and chromatography (on 
5 silica, ethyl acetate/hexane) provided the propargyl 
amine as a white solid (5.2 g, 86%). 

Part C: To a solution of the propargyl 
amine of part B (8 g, 22.63 mmol) and powdered K 2 C0 3 
(8.8 g, 56.6 mmol) in N,N-dimethylformamide (150 mL) 

10 was added 3 , 4-dimethoxyphenol (6.98 g, 45 mmol) at 
ambient temperature. The composition was heated to 
90 degrees Celsius for 36 hours. The solution was 
concentrated under high vacuum and the residue was 
dissolved in ethyl acetate. The organic layer was 

15 washed with IN NaOH, H 2 0 and dried over MgS0 4 . 

Chromatography (on silica, ethyl acetate/hexane) 
provided phenoxy propargyl amine as light yellow gel 
(10 g, 90.9%) . 

Part D: A solution of NaOH (8.2 g, 200 

20 mmol) in H 2 0 (30 mL) from addition funnel was added to 
a solution of the phenoxy propargyl amine of part C 
(10 g, 20.5 mmol) in ethanol (15 mL) and 
tetrahydrofuran (15 mL) at ambient temperature. The 
resulting solution was then heated to 60 degrees 

25 Celsius for 48 hours and at ambient temperature for 
48 hours. The solution was concentrated in vacuo and 
diluted with water. The aqueous layer was extracted 
with ether and acidified to pH=2 . Vacuum filtration 
of the white precipitate provided the acid as a white 

30 solid (9.4 g, quantitative yield). 
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Part E: To a solution of the acid of part 
D ( 9.4g, 20.5 ntmol) , N-methyl morpholine (6.8 mL, 62 
mmol) , 1-hydroxybenzotriazole (8.3 g, 60 mmol) and O- 
tetrahydro-2H-pyran-yl-hydroxylamine (4.8 g, 40 mmol) 
5 in N,N-dimethylformamide (50 mL) was added l-[3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (11.7 g, 60 mmol). The resulting 
solution was then stirred at ambient temperature for 
20 hours. The solution was concentrated under high 

10 vacuum and the residue was dissolved in ethyl 

acetate. The organic layer was washed with saturated 
NaHC0 3 , H 2 0 and dried over Mg 2 S0 4 . Concentration in 
vacuo and chromatography (on silica, ethyl 
acetate/hexane) provided the THP amide as white foam 

15 (10 g, 89.7%) . 

Part F: To a solution of 4N HC1 in dioxane 
(38 mL, 152 mmol) ) was added a solution of the amide 
of part E (8.5 g, 15.2 mmol) in methanol (8 mL) and 
dioxane (24 mL) .The resulting composition was stirred 

20 at ambient temperature for 80 minutes. Concentration 
in vacuo and titration with ether provided 
hydroxamate HC1 salt as a white solid (7.7 g, 
quantitative yield). HSMS calculated for C 23 H 26 N 2 0 7 S: 
475.1461, found 475.1539. 

25 

Example 39: Preparation of 4- [[4- (3,5- 

dimethoxyphenoxy) phenyl] sulfonyl] - 
N-hydroxy-1- (2-propynyl) -4- 
piperidinecarboxamide . monohydrochloride 

30 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-370- 




I HCl 



Part A: To a solution of the propargyl 
amine of Part B, Example 38 (2 g, 5.6 tnmol) and 
5 powdered K^CO, (1.9 g, 13.7 mmol) in N,N- 
dimethylformamide (20 mL) was added 3,5- 
dimethoxyphenol (2.18 g, 13.7 mmol) at ambient 
temperature. The resulting composition was heated to 
90 degrees Celsius for 36 hours. The solution was 

10 concentrated under high vacuum and the residue was 
dissolved in ethyl acetate. The organic layer was 
washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 
provided phenoxy propargyl amine as light yellow gel 

15 (2.76 g, quantitative yield). 

Part B: To a solution of the phenoxy 
propargyl amine of part A (2.75 g, 5.6 mmol) in 
ethanol (5 mL) and tetrahydrofuran (5 mL) was added 
NaOH (2.3 g, 56 mmol) in H 2 0 (10 mL) at ambient 

20 temperature. The solution was then heated to 60 
degrees Celsius for 18 hours. The solution was 
concentrated in vacuo and diluted with water. The 
aqueous layer was extracted with ether and acidified 
to pH=2. Vacuum filtration of white precipitate 

25 provided the acid as white solid (2 g, 77.2%) . 

Part C: To a solution of the acid of part 
B (2 g, 4.3 mmol), also containing N-methyl 
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morpholine (1.9 mL, 17.2 mmol), 1- 
hydroxybenzotriazole (1.74 g, 13.2 mmol) and 0- 
tetrahydro-2H-pyran-yl-hydroxylamine (1.02 g, 8.6 
mmol) in N,N-dimethylformamide (20 mL) was added 1- 
5 [3- (dimethylamino) propyl] -3 -ethylcarbodiimide 

hydrochloride (2.47 g, 12.9 mmol). The resulting 
composition was stirred at ambient temperature for 20 
hours. The solution was concentrated under high 
vacuum and the residue was dissolved in ethyl 

10 acetate. The organic layer was washed with saturated 
NaHC0 3 , H 2 0 and dried over Mg 2 S0 4 . Concentration in 
vacuo and chromatography (on silica, ethyl 
acetate/hexane) provided the THP amide as white foam 
(2.4 g, quantitative yield). 

15 Part D: To a solution of 4N HC1 in dioxane 

(13 mL, 52 mmol)) was added a solution of the THP 
amide of part C (2.43 g, 4.35 mmol) in methanol (2 
mL) and dioxane (6 mL) , and the composition was 
stirred at ambient temperature for 80 minutes. 

20 Vacuum filtration of the precipitate and washing with 
ether provided the hydroxamate HC1 salt as a white 
solid (1.25 g, 56.3%). Analytical calculation for 
C 23 H 26 N 2 0 7 S . 1 . 5HC1 : C, 52.20; H, 5.24; N, 5.29. Found: 
C, 52.00; H, 5.05; N, 5.17. 

25 

Example 40: Preparation of 4- [ [4- (1, 3-benzodioxol-S- 
yloxy) phenyl] sulfonyl] -N-hydroxy-4- 
piperidinecarboxamide . monoh ydrochloride 
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10 




HC1 



Part A: To a solution of the N-BOC 
carboxylic acid compound of part B, Example 37 (1.25 
g, 2.47 rnmol) , N-methylmorpholine (1.00 g, 9.89 mmol) 
and 1-hydroxybenzotriazole hydrate (0.40 g, 2.96 
mmol) in N, N- dimethyl formamide (8 mL) at ambient 
temperature was added 1- (3-dimethylaminopropyl) -3- 
ethylcarbodiimide hydrochloride (0.616 g, 3.21 mmol). 
After 5 minutes a solution of 0-tetrahydro-2H-pyran- 
2-yl-hydroxylamine (0.39 g, 3.33 mmol) in N,N- 
dimethyl formamide (2 mL) was added. After 2 days the 
pale yellow solution was concentrated in vacuo to 
afford a residue which was dissolved in ethyl acetate 
15 and washed successively with water (3X) and brine and 
dried over sodium sulfate. Concentration afforded a 
residue that was chromatographed on silica gel 
eluting with ethyl acetate/hexane (20/80) to afford 
the THP-protected hydroxamate as an oil (1.54 g, 
20 100%) . 

Part B: To a solution of THP-protected 
hydroxamate of part A (1.49 g, 2.46 mmol) in dioxane 
(9 mL) and methanol (3 mL) was added 4 N HC1 in 
dioxane (10 mL, 40 mmol). After 1.5 hours at ambient 
25 temperature the suspension was treated with diethyl 
ether (15 mL) and filtered to afford the title 
hydroxamate (1.00 g, 89%) as a colorless powder. MS 
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(CI) MH + calculated for C 19 H 20 N 2 SO 7 : 421, found 421. 
Analytical calculation for C 19 H 20 N 2 S0 7 .HC1 : C, 49.95; 
H, 4.63; N , 6.13; Cl, 7.76; S, 7.02. Found: C, 
49.82; H, 4.60; N, 5.98; Cl, 17.38; S, 7.10. 

5 

Example 41: Preparation of N-hydroxy-4- [ [4- (3- 

me thylphenoxy) phenyl] sulfonyl] -1- (2- 
propynyl) -4-piperidinecarboxamide, 
monohvdrochlori rig 



HOHN' 




Part A: To a solution of propargylamine of 
15 part F, Example 9 (8.0 gm, 22.6 mmol) and KjCOj in 
N, N-dimethylf ormamide (30 mL) was added m-cresol (3.5 
g, 33.9 mmol) and the solution was stirred at 90 
degrees Celsius for 18 hours. The solution was 
diluted with H 2 0 and extracted with ethyl acetate. The 
20 combined organic layers were washed with saturated 

NaCl and dried over MgS0 4 . Chromatography (on silica, 
eluting with 10% ethyl acetate/hexane) provided the 
3-methyl phenoxyphenyl compound as a solid (10.3 g, 
98%). Cal'd MS for C 2 «H 2B NS0 s 441.1688, found 442.1697 
25 Part B: To a solution of 3-methyl 

phenoxyphenyl compound of part A (10.3 g, 22.0 mmol) 
in tetrahydrofuran (50 mL) and ethanol (50 mL) was 
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added NaOH (8.9 g, 22.3 mol) and the solution was 
heated at 65 degrees Celsius for 24 hours. The 
solution was concentrated in vacuo and the aqueous 
residue was acidified to pH=3 . Vacuum filtration of 
5 the resulting precipitate provided the acid as a 
white solid (9.0 g, 91%). MS cal'd for C 22 H 24 NSO s = 
414.1375. Found = 414.1389. 

Part C: To a solution of the acid of part 
B (9.0 g, 19.5 rranol) was added 1-hydroxybenzotriazole 

10 (3.24 g, 23.9 mmol) , N-methyltnorpholine (6.58 mL, 
59.9 mmol), 0-tetrahydro-2H-pyran-yl - hydroxy lamine 
(3.5 g, 29.9 mmol) followed by 1-3- 
(dimethylamino) propyl] -3 -ethylcarbodimmide 
hydrochloride (5.35 g, 27.9 mmol). The solution was 

15 stirred at ambient temperature for 18 hours. The 

solution was diluted with H 2 0 (400 mL) and extracted 
with ethyl acetate. The organic layer was washed 
with saturated NaCl and dried over MgS0„ 
Chromatography (on silica, eluting with 40% ethyl 

20 acetate/hexane) provided the desired THP-protected 
hydroxamate as a solid (6.9 g, 67%). Analytical 
calculation for C 27 H 33 N 2 S0 6 : 0 . 1 H 2 0: C, 62.92, H, 6.49, 
N, 5.43, S, 6.23. Found: C, 62.69, H, 6.47, N, 5.57, 
S, 6.33. Cal'd MS for C 27 H n N 2 SO s : 513.2059. Found 

25 513.2071. 

Part D: To a solution of THP-protected 
hydroxamate of part C (6.4 gm, 12.5 mmol) in dioxane 
(56 mL) and methanol (19 mL) was added 4 N 
HCl/dioxane (40 mL) . After stirring at ambient 
30 temperature for 1 hours, the solution was 

concentrated in vacuo. Trituration with ethyl ether 
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provided the title compound as a white solid (5.66 g, 
97.4%). Cal'd MS for C 22 H 24 N 2 SO s +l: 429.1484.. Found 
M+l: 429.1493 



5 Example 42: Preparation of 4- [ [4- (1, 3-benzodioxol-5- 

yloxy) phenyl ] sulf onyl] -N-hydroxy- 1 - 
(methvlsulfonvl) -4-pjperidin ecarboxamide 



10 



9 O. o 



HOHN' 



xxxx 



0=1 HC1 



Part A: To a solution of sulf one of part 
D, Example 32 (25. g, 67.3 mmol) in N,N- 
dimethylformamide was added potassium carbonate (23.3 
g, 0.169 mol) and sesamol (23.2 g, 0.164 mol) . The 

15 solution was submerged in an oil bath at 90°C and 

stirred for 25 hours. Ethyl acetate was added to the 
solution, and the organic phase was washed with 
water, IN NaOH and water, dried over magnesium 
sulfate, filtered and concentrated in vacuo. 

20 Chromatography on silica, eluting with ethyl 

acetate/hexane (15/85) provided the ethyl ester 
compound as an oil (29.3 g, 82%) . 

Part B: To a solution of ethyl ester from 
part A (29.3 gm, 54.93 mmol) in ethanol (60 mL) and 

25 tetrahydrofuran (60 mL) was added a solution of NaOH 
(21.9 g, 0.549 mol) in water 120 mL) and the solution 
was heated at 65 degrees Celsius for 10 hours. The 
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solution was concentrated in vacuo and the aqueous 
residue was acidified to pH=3 . The solution was 
extracted with ethyl acetate. The solution was dried 
over magnesium sulfate, filtered and concentrated in 
5 vacuo to give the acid as a yellow foam (25.6 g 
92.1%) . 

Part C: To a solution of the acid of Part 
B (20.3 g, 40.15 mmol) in ethyl acetate at zero 
degrees C was bubbled gas HC1 for 20 minutes. The 

10 solution stirred at Zero degrees Celsius for 1.5 
hours. The precipitate formed was filtered and 
washed with ether to give the amine hydrochloride as 
a white solid (16.0 g, 93.5%) 

Part D: To a solution of amine 

15 hydrochloride of part C (7.5g, 17.0 mmol) in 

methylene chloride (200 mL) was added methanesulf onyl 
chloride (2.0 g, 25.0 mol) and the solution was 
stirred at ambient temperature for 18 hours. The 
solution was washed with water and saturated NaCl, 

70 dried over magnesium sulfate, concentrated in vacuo 
to provide the acid as a white solid (6.97g, 85%) . 

Part E: To a solution of the acid of part 
D (7.37 g, 15.0 mmol) was added 1- 
hydroxybenzotriazole (2.43 g, 18.0 mmol), N- 

25 methylmorpholine (4.94 mL, 45.0 mmol), O-tetrahydro- 
2H-pyran-yl-hydroxylamine (2.65 g, 22.5 mmol) 
followed by 1-3- (dimethylamino) propyl] -3 - 
ethyl carbodimmide hydrochloride (4.02 g, 21.0 mmol). 
The solution was stirred at ambient temperature for 

30 18 hours. The solution was diluted with H 2 0 (400 mL) 
and extracted with ethyl acetate. The organic layer 
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was washed with saturated NaCl and dried over MgS0 4 . 
Chromatography (on silica, eluting with 50% ethyl 
acetate/hexane) provided the desired THP-protected 
hydroxamate as a solid (7.54 g, 85%) . 
5 Part F: To a solution of THP-protected 

hydroxamate of part E (6.32 gm, 10.8 mmol) in dioxane 
(75 mL) and methanol (25 mL) was added 4 N 
HCl/dioxane (30 mL) . After stirring at ambient 
temperature for 1 hour, the solution was concentrated 
10 in vacuo. Trituration with ethyl ether provided the 
title compound. Chromatography (on silica, 5% 
methanol /ethyl acetate) provided the hydroxamate as a 
white solid (4.32 g, 80%) Cal'd MS for C 22 H 22 N 2 S 2 0 9 +1 : 
499.0845. Found 499.0848. 

15 

Example 43: Preparation of 4- [[4- (3,4- 

Dimethylphenoxyl) phenyl] sulfonyl] - 
N-hydroxy-l- (2-propynyl) -4- 
piperidinecarboxamide . monhvdrochloride 




Part A: A mixture of the fluoro compound 
from part F, Example 9 (2.0 g, 5.66 mmol), 3,4- 
dimethylphenol (2.0 g, 16.5 mmol), and potassium 
25 carbonate (2.3 g, 16.5 mmol) in N,N-dimethylformamide 
(15 mL) was heated at 90 degrees Celsius overnight 
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(about 18 hours) under an atmosphere of nitrogen. 
The brown mixture was concentrated in vacuo and 
purified by chromatography (on silica, ethyl 
acetate/hexane) to afford the 3 , 4-dimethylphenoxy 
5 phenyl compound as a clear, yellow oil (2.0 g, 79% 
yield). Analytical calculation for C 2S H 29 N0 5 S: C, 
65.91; H, 6.42; N, 3.04? S, 7.04. Found: C, 65.76; 
H, 6.37; N, 3.03; S, 7.00. 

Part B: A solution of the 3,4- 

10 dimethylphenoxy phenyl compound of part A (2.0, 4.93 
mmol) and potassium hydroxide (1.7 g, 29.7 mmol) in a 
mixture of ethanol (25 mL) and water (4 mL) was 
stirred at reflux for four hours under a nitrogen 
atmosphere. The solution was cooled with an ice 

15 bath, subsequently acidified with concentrated 
hydrochloric acid, and concentrated to a crude 
residue. The crude residue, 0-tetrahydo-2H-pyran~2- 
yl-hydroxylamine (0.88 g, 7.50 mmol), triethylamine 
(0.81 mL, 5.81 mmol), and 1- (3-dimethylaminopropyl) - 

20 3-ethylcarbodiimide hydrochloride in acetonitrile (24 
mL) was stirred at ambient temperature overnight. 
The mixture was diluted with water and extracted with 
ethyl acetate. The organic layer was washed with 
water, a saturated sodium bicarbonate solution, 

25 water, and a saturated salt solution. After drying 
over magnesium sulfate, the filtrate, as the THP- 
protected hydroxamate, was concentrated to a yellow 
foam. 

Part C: The THP-protected hydroxamate (920 
30 mg, 1.75 mmol) o f part B was dissolved in methanol 
(16 mL) . Acetyl chloride (0.37 mL, 5.3 mmol) was 
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added. After three hours, concentration followed by 
reverse phase HPLC afforded the title compound as a 
white solid (611 mg, 79%). MS (EI) MH + calculated for 
C 23 H 26 N 2°5 S: 443 ' found 443. 

5 

Example 44 : Preparation of 4 - [ [4- (4- 

chlorophenyl) thiolphenyl] sulf onyl] -1- 
(propynyl) -4 -piperidinecarboxylic acid, 
monohydrochloride and 4 - [ [4- (4- 
0 chlorophenyl ) thiolphenyl ] sulf onyl] - 

N- hydroxy- 1- (propynyl) -4- 
piperidinecarboxamide . monohydrochloride 




Part A: A mixture of the fluoro compound 
from part F, Example 9 (2.0 g, 5.66 mmol) , 4- 
chlorothiophenol (1.0 g, 6.94 mmol), and potassium 

20 carbonate (1.1 g, 8.00 mmol) in N,N-dimethylformamide 
(12 mL) was stirred overnight (about 18 hours) under 
an atmosphere of nitrogen at ambient temperature. 
The mixture was concentrated in vacuo. The residue 
was diluted with water and extracted with ethyl 

25 acetate. The organic layer was washed with water and 
a saturated salt solution, dried over magnesium 
sulfate, and concentrated in vacuo to a yellow oil. 
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The oil was purified by chromatography (on silica, 
ethyl acetate/hexane) to afford the 4- 
chlorophenylthiolphenyl compound as a white solid 
(2.0 g, 75% yield). Analytical calculation for 
5 C 23 H 24 N0 4 S 2 C i: C, 57.791; H, 5.06; N, 2.93; S, 13.42; 
CI, 7.42. Found: C, 57.57; H, 5.11; N, 2.94; S, 
13.19; CI, 7.73. 

Part B: The chorophenylthiophenyl compound 
from part A (2.04 g, 4.27 mmol) was diluted with 

10 ethanol (30 mL) and water (5mL) . Potassium hydroxide 
(1.55 g, 27.7 mmol) was added, and the mixture was 
heated at reflux for 3 hours. After complete 
reaction, the solution was cooled and was acidified 
to pH=l-3 with concentrated HC1 . The solvent was 

15 removed by rotary evaporation and the residue was 
azeotroped to dryness by repeated addition of 
acetonitrile . The acid hydrochloride was further 
dried on a vacuum line, then carried as is through 
the coupling reaction. The saponification was 

2 0 presumed to be quantitative. 

Part C: The carboxylic acid hydrochloride 
from the previous step (4.27 mmol) was suspended in 
acetonitrile (20 mL) . N-Methylmorpholine (about 1.0 
mL) was added, followed by 0-tetrahydro-2H-pyran-2- 

25 yl-hydroxylamine (585 mg, 5 mmol). After 5 minutes, 
1- [3- (dimethyl amino) propyl] -3-ethylcarbodiimide 
hydrochloride (EDC; 955 mg, 5 mmol) was added. The 
mixture was stirred overnight (about 18 hours) , then 
solvent was removed by rotary evaporation, the 

30 residue was diluted with half -saturated NaHC0 3 

solution (50 mL) , and the product was extracted into 
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ethyl acetate (2 X100 mL) . In this example, an 
intractable emulsion complicated compound recovery. 
The combined organic layers were dried over MgS0 4 , 
filtered through silica, concentrated, and subjected 
5 to chromatography (flash silica, ethyl 

acetate/hexane) affording, on concentration, the 
title O-THP-protected hydroxamate (162 mg, 7%, from 
ester) as a foam. MS (EI) MH + calculated for 
C 21 H 22 N 2°4 S 2 C1 : 450, found 450. Because mass 

10 recovery was poor, the silica filter cake was 

extracted with 1:1 methanol : ethyl actetate affording 
4- t [4- (4-chlorophenyl) thiolphenyl] sulfonyl] -1- 
(propynyl) -4-piperidinecarboxylic acid, 
monohydrochloride (540 mg, 26%) 

15 p art D: The O-THP-protected hydroxamate of 

part C (441 mg, 0.80 mmol) was dissolved in methanol 
(2 mL) . Acetyl chloride (0.2 mL, 3 mmol) was added. 
After three hours, concentration followed by reverse 
phase HPLC afforded the title hydroxamate compound as 

20 a pink solid (162 mg, 44%) . MS (EI) MH + calculated 
for C 21 H22N20 4 S 2 : 465, found 465. 

Example 45: Preparation of 4- [ [4- (Cyclopentylthio) - 
phenyl] sulfonyl] -N-hydroxy-1- (2- 
25 propynyl) -4-piperidinecarboxamide, 

monohvdroehlr.T-i Hi* 
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Part A: The propargyl amine of part F, 
Example 9 (3.05 g, 8.5 mmol) was combined with K 2 C0 3 
5 (1.38 g, 10 mmol), N,N-dimethylf ormamide (6 mL) and 
cyclopentyl mercaptan (1.02 mL, 10 mmol). The 
mixture was heated to 80 degrees Celsius for 4 hours 
and 95 degrees Celsius for 2.5 hours, monitoring by 
TLC. Aqueous workup was accomplished using water (10 

10 mL) and ethyl acetate (2 X 100 mL) . The combined 
organic layers were dried over magnesium sulfate, 
concentrated, and chromatographed (flash silica; 
ethyl acetate/hexane eluant) affording the 
cyclopentylmercaptyl compound as an oil (3.2 g, 86%) 

15 Part B: The cyclopentylmercaptyl compound 

from part A (3.12 g 7.13 mmol) was diluted with 
ethanol (50 mL) and water (8 mL) . Potassium 
hydroxide (2.59 g, 46.3 mmol) was added, and the 
mixture was heated at reflux for 3.5 hours. After 

20 complete reaction, the solution was cooled and was 
acidified to pH=l-3 with concentrated HCl. The 
solvent was removed by rotary evaporation and the 
residue was azeotroped to dryness by repeated 
addition of acetonitrile . " The carboxylic acid 

25 hydrochloride was further dried on a vacuum line, 
then carried as is through the coupling reaction. 
The saponification was presumed to be quantitative. 
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Part C: The carboxylic acid hydrochloride 
from Part B (7.13 mmol) was suspended in acetonitrile 
(50 mL) . N-Methylmorpholine (ca. 2.0 mL) was added, 
followed by 0-tetrahydro-2H-pyran-2-yl-hydroxylamine 
5 (1.05 g, 9 mmol). After 5 minutes, EDC (1.72 g, 9 
mmol) was added. The mixture was stirred overnight 
(about 18 hours) , then solvent was removed by rotary 
evaporation. The residue was diluted with half- 
saturated NaHC0 3 solution (50 mL) , and the product 
10 was extracted into ethyl acetate (2 X100 mL) . The 
combined organic layers were dried over MgS0 4/ 

filtered through silica, concentrated, and subjected 
to chromatography (flash siilca, ethyl 
acetate/hexane) affording, on concentration, the O- 
15 THP-protected hydroxamate (2.0 g, 51%, from ester) as 
a foam. 

Part D: The O-THP-protected hydroxamate 
from Part D (2.00 g, 3.95 mmol) was dissolved in 
methanol (16 mL) . Acetyl chloride (0.86 mL, 12 mmol) 

20 was added over 2 minutes. The reaction was stirred 
at ambient temperature for 4 hours, then 
concentrated, with repeated addition of chloroform 
and acetonitrile to effect drying. The title 
compound precipitated as a white solid (1.77 g, 98%) . 

25 MS (EI) MH + calculated for C 20 H 26 N 2 O 4 S2 : 422 ' found 
422. 
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Example 47: Preparation of N-hydroxy-4- [ [4- 

(phenylthio) phenyl] sulfonyl] -1- (2- 
propynyl) -4-piperidinecarboxamide , 
1-oxide and N-hydroxy-4- [ [4- 
(phenylsulf inyl) -phenyl] sulfonyl - 
l- (2-propynyl) -4-pipgiridinggarbox^de 




10 m-Chloroperbenzoic acid (57-86% , 120 mg) 

was added to a solution of N-hydroxy-4- [ [4- 
(phenylthio) phenyl] -sulfonyl] -1- (2-propynyl) -4- 
piperidinecarboxamide (title compound, Example 9) (215 
mg, 0.5 mmol) in methanol (5 mL) at zero degrees 

15 Celsius. The reaction was permitted to warm slowly 
to ambient temperature and after 16 hours, the 
mixture was passed through a micron filter and 
concentrated. Reverse phase HPLC (Delta Pak 50 X 300 
mm; 15 micron C 18 100 Angstrom; 3 0 minute gradient 

20 method starting with dilute HC1 (0.5 mL/4 L) : 

acetonitrile 80:20, ending with 50:50) separated 5 
major components. The first and second peaks off the 
column afforded, upon concentration, 14 (6%) and 16 
mg (7%) of two compounds, which were assigned as 

25 diastereomers of N-Hydroxy-4- [ [4- (phenyl sulf inyl) - 
phenyl] sulfonyl -1- (2-propynyl) -4- 
piperidinecarboxamide on the basis of their NMR 
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spectra. The third peak was unidentified. The 4th 
peak was assigned by NMR as N-hydroxy-4- [ [4- 
(phenylthio) phenyl] sulfonyl] -1- (2-propynyl) -4- 
piperidinecarboxamide, 1- oxide (147 mg, 66%) MS (EI) 
5 MH + calculated for C 21 H22N 2 0 5 S2 : 447, found 447. The 

last peak contained 73 mg of recovered 3- 
chlorobenzoic acid . 



Example 48: Preparation of N-hydroxy-2 , 2-dimethyl- 
5- [ (4-phenoxyphenyl) sulfonyl] - 
X . 3-dioxane-4-carboxamide 




15 Part A: A fresh sodium methoxide solution 

was prepared by slowly adding hexane-washed sodium 
spheres (9.4 g, 410 mmol) to methanol (1.0 L) at zero 
degrees Celcius. To this cooled solution was added 
the 4-fluorothiophenol (50.0 g, 390 mmol) followed by 

20 methyl 2-chloro acetate (42.3 g, 390 mmol). After 
warming to ambient temperature the reaction was 
stirred overnight (about 18 hours). The methanol was 
removed in vacuo and the residue was taken up in 
ethyl acetate (3 00 mL) . The organic layer was washed 

25 with water (2x-200 mL) and dried over MgS0 4 . 
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Concent rating afforded the methyl ester sulfide 
product as a clear oil (71.8 g, 92%). 

Part B: To a solution of the methyl ester 
sulfide product of part A (71.8 g, 358 mmol) in 70% 
5 methanol/H 2 0 (1.0 L) was slowly added Oxone™ (660 g, 
1.08 mol) . The mixture stirred overnight (about 18 
hours) at ambient temperature. The excess Oxone™ was 
filtered off and the methanol was removed from the 
filtrate in vacuo. The remaining aqueous solution 

10 was extracted with ethyl acetate (3x 300 mL) . The 

organic layers were washed with water (2x-300 mL) and 
dried over MgS0 4 . Concentrating afforded the sulfone 
product as a tan oil (82 g, 98%) . 

Part C: To a prepared slurry of potassium 

15 bicarbonate (1.0 g, 9.8 mmol) in 37% formaldehyde 
solution was added the sulfone product of part B 
(28.6 g, 123 mmol) . The reaction was stirred for one 
hour and then a saturated solution of sodium sulfate 
(20 mL) was added. After stirring for thirty 

20 minutes, the mixture was extracted with diethyl ether 
(4x-100 mL) . The organic layers were dried over MgS0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 
provided the sulfone diol product as a clear oil 
(15.3 g, 42%) . 

25 Part D: The sulfone diol product of Part C 

(1.3 g, 4.5 mmol) was dissolved in acetone (4 0 mL) 
along with 2 , 2-dimethoxypropane (1.1 mL, 9.0 mmol) 
and p-toluenesulfonic acid monohydrate (0.03 mg, 0.14 
mmol) and the resulting composition was refluxed for 

30 6 hours. After cooling, the mixture was neutralized 
with solid Na 2 C0 3 (pH~7) , filtered, and concentrated. 
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The residue was dissolved in chloroform (50 mL) and 
washed with water (2x-30 mL) . Drying over MgS0 4 and 
concentrating gave the dimethyl ketal product as an 
opaque oil (1.4 g, 94%) . 
5 Part E: Phenol (0.6 g, 6.3 ramol) and 

cesium carbonate (2.0g, 6.3 mmol) were added to a 
solution of the dimethyl ketal product (1.4 g, 4.2 
mmol) of part D in N,N-dimethylf ormamide (20 mL ) . 
The mixture was heated at 90 degrees Celsius for five 

10 hours, diluted with water (20mL) , and extracted with 
ethyl acetate (4x-100 mL) . The organic layers were 
washed with brine (lx-100 mL) and water (lx-100 mL) . 
Concentrating afforded the phenol -O -phenol dimethyl 
ketal as a dark brown oil (1.51 g, 88%) . 

15 Part F: To a solution of the phenol -O- 

phenol dimethyl ketal product (1.5 g, 3.4 mmol) of 
part E in tetrahydrof uran (10 mL) was added an 
aqueous lithium hydroxide solution (0.34 g, 14.8 
mmol, in 5 mL of H 2 0) . The reaction was stirred for 

2 0 two hours and then was diluted with water (15 mL) and 
acidified via 30% HCl aq to pH=3 . The acidic solution 
was extracted with diethyl ether (3x-100 mL) . Drying 
over MgS0 4 and concentrating afforded the carboxylic 
acid product as a brown oil (1.5 g, quantitative 

25 yield) . 

Part G: To a solution of the carboxylic 
acid product of Part F (1.3 g, 3.3 mmol) and N- 
hydroxybenzotriazole hydrate (0.54g, 4.0 mmol) in DMF 
(15 mL) was added 4-methylmorpholine (1.67 g, 16.5 
30 mmol), 0-tetrahrdro-2H-pyran-2-yl-hydroxylamine (1.2 
g, 10.2 mmol), and EDC (0.88 g, 4.6 mmol), 
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respectively. After stirring overnight, the DMF was 
removed in vacuo and the residue was taken up in 
ethyl acetate/water (1:1, 50 mL) . The organic layer 
was washed with brine (lx-20 mL) and water (lx-20 mL) 
5 and dried over MgSO,. Chromatography (on silica, 
ethyl acetate/hexane) provided the THP-protected 
hydroxylamine product as a white solid (0.36 g, 22%) 
as well as the decarboxylated by-product (0.27 g, 
24%) . 

10 Part H: 'To a solution of the THP-protected 

hydroxylamine product of Part G (0.36 g, 0.73 mmol) 
in dioxane (3 mL) and methanol (ImL) was added 4 N 
HC1 in dioxane (2 mL) . The reaction was stirred for 
five minutes and then the solvents were removed in 

15 vacuo. Chromatography (reverse phase C-18, 

acetonitrile/water) gave the title compound as a 
white solid (0.13 g, 44%). MS (FAB) M + H calculated for 
C 19 H 21 NO ? S: 4 08, found 4 08. 



20 Example 49: Preparation of tetrahydro-N-hydroxy-4- 

[ [4- (phenylthio) phenyl] sulfonyl] -2H- 
t hi OP vr an -4- carboxami de 



25 




Part A: To a solution of methyl 2- 
chloroacetate (322 g, 2.96 mol) in N,N- 
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dimethylacetamided.O L) were added thiophenol (400 
g, 3.12 mol) and potassium carbonate (408 g, 2,96 
mol) . The reaction was stirred at ambient 
temperature overnight (about 18 hours). After 
5 diluting with a minimal amount of water (800 mL) , the 
mixture was extracted with ethyl acetate (4x-lL) . 
The organic layers were washed with water (lx-800 
mL) , dried over MgS0 4/ and concentrated to afford the 
sulfide product as a clear oil (614 g, quantitative 
10 yield) . 

Part B: To a solution of the sulfide from 
part A (75.85 g, 0.38 mol) in methanol (1000 mL) was 
added water (100 mL) and Oxone®(720 g, 1.17 mol) at 
twenty degrees Celsius. An exotherm to 67 degrees 

15 Celsius was noted. After two hours, the reaction was 
filtered and the cake washed well with methanol. The 
filtrate was concentrated in vacuo. The residue was 
taken up in ethyl acetate and washed with brine, 
dried over MgS0 4 , filtered, and concentrated in vacuo 

20 to give the sulfone as a crystalline solid (82.74 g, 
94%) . 

Part C: To a solution of the sulfone of 
part B (60.0 g, 258 mmol) in DMA (350 mL) was added 
the dibromoethylthioether (76.9 g, 310 mmol), 

25 followed by potassium carbonate (78.3 g,568 mmol). 
The mixture was stirred five minutes before adding 
catalytic amounts of 4-dimethylaminopyridine and 
tetrabutylammonium bromide. The reaction was stirred 
overnight (about 18 hours) , after which it was poured 

30 into a stirring solution of 10% HCl aq (2.5 L) . The 
resulting precipitate was filtered and washed with 
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hexane to remove the excess thioether. Drying in 
vacuo overnight (about 18 hours) yielded the 
methylester thiopyran -Ph-p-F as a yellow powder 
(76.1 g, 93%) . 

5 Step D: To a solution of the methylester 

thiopyran -Ph-p-F of part C (4.0 g, 12.6 mmol) in 
N,N-dimethylacetamide (25 mL) were added cesium 
carbonate (6.1 g, 18.9 mmol) and thiophenol (2.1 g, 
18.9 mmol) . The mixture was stirred 2 hours at 90 

10 degrees Celsius. The mixture was diluted with water 
(30 mL) and extracted with ethyl acetate (3x-100 mL) . 
The organic layers were washed with brine (lx-75 mL) 
and water (lx-75 mL) and was then dried over MgS0 4 . 
Chromatography (on silica, ethyl acetate / hexane) 

15 provided the phenyl -S -phenyl methyl ester as a 
yellowish solid (3.6 g, 71%) . 

Step E: Potassium trimethylsilonate (1.24 
g, 9.7 mmol) was added to a solution of the phenyl -S- 
phenyl methyl ester of part D (3.6 g, 8.8 mmol) in 

2 0 tetrahydrofuran (15 mL) . The mixture was stirred 2-3 
hours at ambient temperature or until a solid 
precipitate developed. After the hydrolysis was 
complete, N-methylmorpholine (2.9 mL, 26.4 mmol) was 
added followed by PyBrop (4.9 g, 10.6 mmol). The 

25 solution was stirred for 10 minutes. Aqueous 

hydroxylamine (0.32 g, 9.7 mmol) was added and the 
mixture stirred for an additional 2 hours. After 
completion, the solvent was removed in vacuo. 
Chromatography (reverse phase C-18, acetonitrile / 

30 water) of the residue provided the title compound as 
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an off white solid (0.82 g, 23%) . MS (FAB) NTH 
calculated for C 18 H 19 N0 4 S 3 : 410, found 410. 

Example 50: Preparation of 4- [ (4-f luorophenyl) - 

sulfonyl] tetrahydro-N- [ (tetrahydro-2H- 
pyran-2-yl)oxy] -2H-thiopyran-4- 
carboxamidP 




10 

Part A: Thiophenol (400 g, 3.12 mol) and 
potassium carbonate (408 g, 2.96 mol) were added to a 
solution of methyl 2-chloroacetate (322 g, 2.96 mol) 
in N,N-dimethylacetamide (1.0 L). The reaction was 

15 stirred at ambient temperature overnight (about 18 
hours) . After diluting with a minimal amount of 
water (80 0 mL) , the mixture was extracted with ethyl 
acetate (4x-lL) . The organic layers were washed with 
water (lx-800 mL) , dried over MgS0 4 , and concentrated 

20 to afford the sulfide product as a clear oil (614 g, 
quantitative yield) . 

Part B: To a solution of the sulfide from 
part A (75.85 g, 0.38 mol) in methanol (1000 mL) was 
added water (100 mL) and Oxone® (720 g, 1.17 mol) at 

25 20 degrees Celsius. An exotherm to 67 degrees 

Celsius was noted. After two hours, the reaction was 
filtered and the cake was washed well with methanol. 
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The filtrate was concentrated in vacuo. The residue 
was taken up in ethyl acetate and washed with brine, 
dried over MgS0 4 , filtered, and concentrated in vacuo 
to give the methyl ester sulfone as a crystalline 
5 solid (82 .74 g, 94%) . 

Part C: To a solution of the methyl ester 
sulfone product of part B (60.0 g, 258 mmol) in N,N- 
dimethylacetamide (350 mL) was added 2,2- 
dibromoethylthioether (76.9 g, 310 mmol) followed by 

10 potassium carbonate (78.3 g,568 mmol). The mixture 
was stirred five minutes before adding catalytic 
amounts of 4-dimethylaminopyridine and 
tetrabutylammonium bromide. The reaction was stirred 
overnight (about 18 hours) , after which it was poured 

15 into a stirring solution of 10% HCl aq (2.5 L) . The 
resulting precipitate was filtered and washed with 
hexane to remove the excess thioether. Drying in 
vacuo overnight (about 18 hours) yielded the 
thiopyran methyl ester as a yellow powder (76.1 g, 

20 93%) . 

Step D: To a solution of the thiopyran 
methyl ester of part C (30.0 g, 94 mmol) in 
tetrahydrofuran (250 mL) was added potassium 
trimethylsilonate (28.9 g, 226 mmol). The mixture 

25 was stirred 2-3 hours at ambient temperature or until 
a solid precipitate developed. After the hydrolysis 
was complete, the solvent was removed in vacuo. 
Water (200 mL) was added and the mixture was washed 
with diethyl ether (lx-200 mL) . The aqueous layer 

30 was cooled to zero degrees Celsius and 10% HC1 mm was 

aq 

slowly added until a precipitate formed. The solid 
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10 



15 



20 



was collected and dried in vacuo with phosphorous 
pentoxide to afford the thiopyran carboxylic acid as 
a yellow solid (17.8 g, 62%). 



carboxylic acid of part D (17.8 g, 58.5 tnmol) in N,N- 
dimethylformamide (100 mL) was added N- 
methylmorpholine (19.3 mL, 176 mmol) followed by N- 
hydroxybenzotriazole hydrate (9.5 g, 70.2 mmol), O- 
tetrahydro-2H-pyran-2-yl-hydroxylaraine (10.3 g, 87.8 
mmol), and 1- (3-dimethylaminopropyl) -3- 
ethylcarbodiimide hydrochloride (16.8 g, 87.8 mmol). 
The mixture was stirred three hours and was then 
diluted with water (100 mL) . The mixture was 
extracted with ethyl acetate (4x-2 00 mL) . Organic 
layers were washed with an aqueous saturated 
potassium carbonate solution (lx-200 mL) , 1% HCl aq , 
and brine (lx- 200 mL) . Drying over MgS0 4 and 
concentrating in vacuo afforded the title compound as 
an off white solid (30.8 g, quantitative yield). MS 
(FAB) NTH calculated for C 17 H 22 FN0 5 S 2 : 404, found 404. 

Example 51: Preparation of Tetrahydro-N- hydroxy- 4- 
[ [4- [ (4-methoxypheny) thio] phenyl] 
SUlfonvll -2H-fhiopvran-4-carboxamidg 



Part E: To a solution of the thiopyran 
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10 



Part A: To a solution of the title 
compound of Example 50 (6.0 g, 14.9 mmol ) in N,N- 
dimethylacetamide (25mL) was added 4-methoxy 
thiophenol (2.5 g, 17.8 mL) , followed by potassium 
carbonate (6.2 g, 44.7 mmol). The reaction was 
heated at 60 degrees Celsius for three hours. The 
reaction mixture was diluted with water (25 mL) and 
extracted with ethyl acetate (4x-100 mL) . The 
organic layers were washed with water (2x-50 mL) and 
dried over MgS0 4 . Concentrating in vacuo provided the 
THP-protected - Phenyl -S- pPhenyl-OMe product as a 
yellowish solid (9.2 g, quantitative yield). 

Part B: To a solution of the THP-protected 
- Phenyl -S- pPhenyl-OMe product from part A (9.2 g, 
15 14.9 mmol) in dioxane was slowly added 4N HCl in 

dioxane (10 mL) . After stirring overnight (about 18 
hours) , the solvent was removed. Chromatography on 
the resultant residue (reverse phase C-18, 
acetonitrile/water) gave the title compound as a 
white solid (1.84 g, 28.3%). MS (FAB) M + H calculated 
for C 19 H 21 NO s S 3 : 440, found 440. 



20 



Example 52: Preparation of Tetrahydro-N-hydroxy-4- 
[ ( 4 -phenyl thio) phenyl] sulfonyl] -2H- 
25 thiopyran-4-carboxamide 1. 1 - dioxide 
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Part A: To a solution of the title compound 
of Example 50 (13.0 g, 24.5 mmol) in methylene 
chloride (100 mL) cooled to zero degrees Celsius was 
5 slowly added 50-60% m-chloroperbenzoic acid (17.1 g, 
49.5 mmol) . The mixture was stirred one hour at zero 
degrees Celsius followed by an additional 3 hours as 
the temperature rose to ambient conditions. Water 
(200 mL) was added and the mixture was neutralized 

10 with 10% ammonium hydroxide (10 0 mL) . The organic 
layer was washed with water (lx-200 mL) and dried 
over.MgS0 4 . Concentrating in vacuo provided an 
orangish oil (3.5 g, 33%). The water/10% ammonium 
hydroxide solution was saturated with sodium chloride 

15 and extracted with ethyl acetate (2x-400 mL) . 

Organic layer was dried over MgS0 4 and concentrated to 
afford the THP-protected sulf one- thiopyran-p-F 
compound as an orange foam (6.1 g, 57%). 

Part B: To a solution of the THP-protected 

20 sulf one- thiopyran-p-F from Part A (9.6 g, 22 mmol ) 

in N,N-diemthylacetamide (12 0mL) was added thiophenol 
(2.9 g, 26.4 mL) , followed by potassium carbonate 
(9.1 g, 66 mmol). The reaction was heated at 60 
degrees Celsius for four hours. The reaction mixture 

25 was diluted with water (25 mL) and extracted with 

ethyl acetate (4x-10 0 mL) . The organic layers were 
washed with water (2x-50 mL) and dried over MgS0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 
provided the THP-protected -phenyl -S -phenyl product 

30 as an orange oil (5.1 g, 43%). 
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Part C: To a solution of the THP-protected 
-phenyl-S-phenyl product from part B (5.1 g, 9.4 
mmol) in dioxane was slowly added 4N HCl in dioxane 
(10 mL) . After stirring overnight (about 18 hours) , 
5 the solvent was removed. Chromatography of the 
resultant residue (reverse phase C-18, 
acetonitrile/water) gave the title compound as a pink 
solid (1.2 g, 29%). MS (FAB) M*H calculated for 
C 18 H 19 N0 6 S 3 : 442, found 442. 

10 

Example 53: Preparation of Tetrahydro-N-hydroxy-4- 
[ [4- [4- (lH-l,2,4-triazol-l-yl) 
phenoxy] -phenyl] -sulfonyl] -2H-thiopyran- 
4-carboxamide 1,1-dioxide, 
15 monohvdrochl or i de 




Part A: To a solution of the title compound 
20 of Example 50 (13.0 g, 24.5 mmol) in methylene 

chloride (100 mL) cooled to zero degrees Celsius was 
slowly added 50-60% m-chloroperbenzoic acid (17.1 g, 
4 9.5 mmol) . The mixture was stirred one hour at zero 
degrees Celsius followed by an additional 3 hours as 
25 the temperature rose to ambient conditions. Water 
(200 mL) was added and the mixture was neutralized 
with 10% ammonium hydroxide (10 0 mL) . The organic 
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layer was washed with water (lx-20 0 mL) and dried 
over MgS0 4 . Concentrating in vacuo provided an 
orangish oil (3.5 g, 33%). The water/10% ammonium 
hydroxide solution was saturated with sodium chloride 
5 and extracted with ethyl acetate (2x-400 mL) . 

Organic layer was dried over MgS0 4 and concentrated to 
afford the THP-protected sulf one-thiopyran-p-F as an 
orange foam (6.1 g, 57%). 

Part B: To a solution of the THP-protected 

10 sulfone~thiopyran-p-F from A (6.0 g, 13.8 mmol ) in 
N,N-dimethylformamide (25 mL) was added 4- (1H-I,2 f 4- 
triazol-l-yl) phenol (4.4 g, 27.5 mmol), followed by 
cesium carbonate (13.4 g, 41.4 mmol). The reaction 
was heated at 95 degrees Celsius for five hours. The 

15 reaction mixture was diluted with water (25 mL) and 
extracted with ethyl acetate (4x-100 mL) . The 
organic layers were washed with water (2x-50 mL) and 
dried over MgS0 4 . Concentrating afforded the THP- 
protected phenyl -O -phenyl triazole product as a tan 

20 solid (9.7 g, quantitative yield) . 

Part C: To a solution of the crude THP- 
protected phenyl -O- phenyl triazole product from B 
(8.0 g, 13.8 mmol) in acetonitrile (40 mL) was 
slowly added 10% HCl aq (100 mL) . After stirring 

25 overnight (about 18 hours) , the acetonitrile was 
removed. The resultant precipitate was collected, 
giving the title compound as a tan solid (1.3 g, 
18%). MS (FAB) NTH calculated for C 20 H 21 ClN 4 O 7 S 2 : 493, 
found 493 . 

30 
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Example 54 : Preparation of 4- [ [4- [4- (2-aminoethyl) ) - 
phenoxy] phenyl] sulf onyl] tetrahydro-N- 
hydroxy-2H-thiopyran-4-carboxamide 1,1- 
dioxide monohyHror hloride 



5 




Part A: To a solution of the title compound 
of Example 50 (13.0 g, 24.5 mmol) in methylene 
chloride (100 mL) cooled to zero degrees Celsius was 

10 slowly added 50-60% m-chloroperbenzoic acid (17.1 g, 
49.5 mmol) . The mixture was stirred one hour at zero 
degrees Celsius followed by an additional 3 hours as 
the temperature rose to ambient conditions. Water 
(200 mL) was added and the mixture was neutralized 

15 with 10% ammonium hydroxide (100 mL) . The organic 
layer was washed with water (lx-2 00 mL) and dried 
over MgS0 4 . Concentrating in vacuo provided an 
orangish oil (3.5 g, 33%). The water/10% ammonium 
hydroxide solution was saturated with sodium chloride 

20 and extracted with ethyl acetate (2x-400 mL) . The 

organic layer was dried over MgS0 4 and concentrated to 
afford the THP-protected sulfone-thiopyran-p-F as an 
orange foam (6.1 g, 57%). 

Part B: To a solution of the THP-protected 

25 sulfone-thiopyran-p-F from A (6.0 g, 13.8 mmol ) in 
N,N-dimethylacetamide (25 mL) was added tyramine (3.8 
g, 28 mmol) followed by cesium carbonate (13.6 g, 42 
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mmol) . The reaction was heated at 95 degrees Celsius 
for five hours. Removing the N,N-dimethylacetamide 
in vacuo afforded a brown solid (20 g) . 
Chromatography (reverse phase, C-18, 
5 acetonitrile/water) gave the THP-protected tyramine 
product as a tan oil (1.0 g, 13%) . 

Part C: To a solution of the crude THP- 
protected tyramine product from part B (1.0 g, 1.8 
mmol) in acetonitrile (40 ml*) was slowly added 10% 
10 HCl aq (100 mL) . After stirring overnight (about 18 
hours) , the acetonitrile was removed. The resultant 
precipitate was collected, giving the title compound 
as a tan solid (0.9 g, 99%). MS (FAB) NTH calculated 
for C 20 H 2S ClN 2 O 7 S 2 : 469, found 469. 

15 

Example 55: Preparation of 4- [ (4-f luorophenyl) - 

sulfonyl] tetrahydro-N- [ (tetrahydro-2H- 
PVran-2-YUQXYl ^H-py^yi-^-c^p^niide 



20 




Part A: In dry equipment under nitrogen, 
sodium metal (8.97 g, 0.39 mol) was added to methanol 
(1000 mL) at two degrees Celsius. The reaction was 
25 stirred at ambient temperature for forty five minutes 
at which time the sodium had dissolved. The solution 
was chilled to five degrees Celsius and p- 
fluorothiophenol (41.55 mL, 0.3 9 mmol) was added, 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-400- 



followed by methyl 2-chloroacetate (34.2 mL, 0.39 
mol) . The reaction was stirred at ambient 
temperature for four hours, filtered, and 
concentrated in vacuo to give the sulfide as a clear 
5 colorless oil (75.85 g, 97%). 

Part B: To a solution of the sulfide from 
part A (75.85 g, 0.38 mol) in methanol (1000 mL) were 
added water (100 mL) and Oxone®<720 g, 1.17 mol) at 
20 degrees Celsius. An exotherm to 67 degrees 
10 Celsius was noted. After two hours, the reaction was 
filtered and the cake was washed well with methanol. 
The filtrate was concentrated in vacuo. The residue 
was taken up in ethyl acetate and washed with brine, 
dried over MgS0 4 , filtered, and concentrated in vacuo 
15 to give the sulfone as a crystalline solid (82.74 g, 
94%) . 

Part C: To a solution of the sulfone from 
part B (28.5 g, 0.123 mol) in N,N- dimethyl acet amide 
(200 mL) were added potassium carbonate (37.3 g, 0.27 
20 mol), bis-(2-bromoethyl)ether (19.3 mL, 0.147 mol), 
4-dimethylaminopyridine (0.75 g, 6 mmol) , and 
tetrabutylammonium bromide (1.98 g, 6 mmol). The 
reaction was stirred overnight (about 18 hours) at 
ambient temperature. The reaction was slowly poured 
25 into IN HCl (300 mL) , the resultant solid filtered 

and the cake washed well with hexanes. The solid was 
recrystallized from ethyl acetate/hexanes to give the 
pyran compound as a beige solid (28.74 g, 77%). MS 
(ES+) MH+ calculated for C^H^S^, 303 ' found 303 * 
30 part D: In dry equipment under nitrogen, 

the pyran compound from part C (8.0 g, 26.5 mmol) was 
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dissolved in dry tetrahydrofuran (2 50 mL) and a 
solution of potassium trimethylsilonate (10.2 g, 79.5 
mmol) in dry tetrahydrofuran (15 mL) was added at 
ambient temperature. After ninety minutes, water 
5 (100 mL) was added and the solution concentrated in 
vacuo. The residue was taken up in water and 
extracted with ethyl acetate to remove unreacted 
starting material. The aqueous solution was treated 
with 6N HC1 until pH=l . The slurry was extracted with 

10 ethyl acetate and the combined extracts washed with 
water, dried over Na 2 S0 4/ filtered, and concentrated 
in vacuo. The residue was heated in diethyl ether, 
the solid filtered and dried to give the carboxylic 
acid as a crystalline solid (5.78 g, 76%). HRMS (ES-) 

15 M-H calculated for C 12 H 13 0 5 S^: 287.04, found 287.04. 

Part E: In dry equipment under nitrogen, 
the carboxylic acid from part D (9.1g, 31.6 mmol) was 
dissolved in dry N,N-dimethylformamide (70 mL) and 
the remaining reagents were added to the solution in 

20 the following order: N-hydroxybenzotriazole hydrate 

(5.1 g, 37.9 mmol), N-methylmorpholine (10.4 mL, 94.8 
mmol) , 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (11.5 
g, 98 mmol), and 1- (3-dimethylaminopropyl) -3- 
ethylcarbodiimide hydrochloride (8.48 g, 44.2 mmol). 

25 After three hours at ambient temperature, the 

reaction was concentrated in vacuo. The residue was 
taken up in ethyl acetate, washed with water, 5% 
KHS0 4/ saturated NaHC0 3 ", brine, dried over Na 2 S0 4/ 
filtered, and concentrated in vacuo. Chromatography 

30 (on silica, ethyl acetate/hexanes) provided the title 
compound as a crystalline solid (9.7 g, 80%). HRMS 
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(ES+) MH+ calculated for C 17 H 22 N0 6 S^: 388.12, found 
388.12. 

Example 56; Preparation of 4- [[4- (3,4- 

dif luorophenoxy) -phenyl] sulfonyl] 

tetrahydro-N-hydroxy-2H- 

pvran- 4 - carboxamide 




10 

Part A: To a solution of the title compound 
of Example 55 (2.0 g, 5.2 mmol ) in N,N- 
dimethylacetamide (6 mL) was added 3 , 4 -dif luorophenol 
(1.0 g, 7.7 mmol), followed by cesium carbonate (6.6 

15 g, 20.2 mmol). The reaction was heated at 95 degrees 
Celsius for five hours. Removing the N,N- 
dimethylacetamide in vacuo afforded a brown solid 
(8.3 g, quantitative). Chromatography (reverse 
phase, C-18, acetonitrile/water) gave the THP- 

20 protected difluoro product in solution. 

Part B: To the collected THP-protected 
difluoro product from A in acetonitrile/ water (50 
mL) was slowly added 10% HCl aq (100 mL) . After 
stirring overnight (about 18 hours) , the acetonitrile 

25 was removed. The resultant precipitate was 

collected, giving the title compound as a white 
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solid (1.02 g, 48.6%). MS (FAB) M*H calculated for 
C 18 H 17 FN0 6 S: 414, found 414. 

Example 57: Prepartion of Te trahydro-N -hydroxy - 

4- [ [4- (4-iodophenoxy) phenyl] sulfonyl] - 
2H-Pvran-4-carboxamidg 




10 Part A: To a solution of the title compound 

of Example 55 (2.0 g, 5.2 mmol ) in N,N- 
dimethylacetamide (6 mL) was added 4-iodophenol (1.7 
g, 7.8 mmol), followed by cesium carbonate (6.6 g, 
20.2 mmol) . The reaction was heated at 95 degrees 

15 Celsius for five hours. Removing the N,N- 

dimethylacetamide in vacuo afforded a brown solid 
(5.7 g, quantitative) Chromatography (reverse phase, 
C-18, acetonitrile/water) gave the THP-protected iodo 
product in solution. 

20 Part B: To the solution of the crude THP- 

protected iodo product from A in acetonitrile/water 
(40 mL) was slowly added 10% HCl aq (100 mL) . After 
stirring overnight (about 18 hours) , the acetonitrile 
was removed. The resultant precipitate was 

25 collected, giving the title compound as a white solid 
(2.6 g, 99%). MS (FAB) M+H calculated for C l8 H 18 IN0 6 S : 
504, found 504. 
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Example 58: Preparation of Tetrahydro-N-hydroxy-4- 
[ [4- (2,4, 5-trifluorophenoxy) phenyl] - 
sul f onvl 1 - 2 H- nvr an - 4 - carboxami de 




Part A: To a solution of the title 
compound of Example 55 (2.0 g, 5.2 mmol ) in N,N- 

10 dimethylacetamide (6 mL) was added 2,4,5- 

trif luorophenol (1.2 g, 7.8 mmol), followed by cesium 
carbonate (10.1 g, 31.0 mmol). The reaction was 
heated at 95 degrees Celsius for thirty- two hours. 
Removinging the N,N-dimethylacetamide in vacuo 

15 afforded a brown solid (5.7 g, quantitative). 
Chromatography (reverse phase, C-18, 
acetonitrile/water) gave the THP-protected phenol 
product (1.2 g, 44%) . 

Part B: To the solution of the crude THP- 

20 protected phenol product from Part A (1.2 g, 2.3 

mmol) in acetonitrile/water (40 mL) was slowly added 
10% HCl aq (100 mL) . After stirring overnight (about 
18 hours), the acetonitrile was removed. The 
resultant precipitate was collected, giving the title 

25 compound as a white solid (0.79 g, 79%) . MS (FAB) M'H 
calculated for C 18 H 16 F 3 N0 6 S : 430, found 430. 
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Example 59: Preparation of 4- [[4- (3,5- 

dichlorophenoxy) -phenyl] sulfonyl] - 
tetrahydro-N-hydroxy-2H-pyran-4- 
carboxamidg 

5 




Part A: To a solution of the title 
compound of Example 55 (2.0 9, 5.2 mmol ) in N,N- 

10 dimethylacetamide (6 mL) was added 3 , 5-dichlorophenol 
(1.3 g, 7.8 mmol), followed by cesium carbonate (6.6 
g, 20.2 mmol). The reaction was heated at 95 degrees 
Celsius for twelve hours. Removing the N,N- 
dimethylacetamide in vacuo afforded a brown solid 

15 (5.7 g, quantitative) . The residue was taken up in 
acetonitrile/water (20 mL) and acidified to pH=6. A 
white precipitate formed and was collected affording 
the THP-protected product as a white cake (1.8 g, 
64%) . 

20 Part B: To the THP-protected product from 

Part A (1.8 g, 3.4 mmol) in acetonitrile/water (20 mL) 
was slowly added 10% HCl aq (40 mL) . After stirring 
overnight (about 18 hours) , the acetonitrile was 
removed. The resultant precipitate was collected, 

25 giving the title compound as a white solid (0.71 g, 
47%). MS (FAB) M*H calculated for C 18 H 17 C1 2 N0 6 S : 447, 
found 447. 
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Example 59: Preparation of Tetrahydro-N- hydroxy- 4- 
[ [4- [ [5- (trifluoromethyl) -2-pyridinyl] - 
thio] phenyl] sulfonyl] -2H-pyran-4- 




Part A: To a solution of the title compound 
10 of Example 55 (2.0 g, 5.2 mmol ) in N,N- 
dimethyl ace t amide (6 mL) was added 5- 
(trifluoromethyl) -2-pyridinyl thiophenol (1.4 g, 7.8 
mmol), followed by potassium carbonate (2.2 g, 15.6 
mmol) . The reaction was heated at 65 degrees Celsius 
15 for twelve hours. Removing the N,N-dimethylacetamide 
in vacuo afforded a brown solid (5.4 g, 
quantitative) . Chromatography (reverse phase, C-18, 
acetonitrile/water) gave the THP-protected product in 
solution. 

20 Part B: To the solution of the crude THP- 

protected product from Part A in acetonitrile/water 
(40 mL) was slowly added 10% HCl aq (40 mL) . After 
stirring overnight (about 18 hours), the acetonitrile 
was removed. The resultant precipitate was 

25 collected, giving the title compound as a white solid 
(0.20 g, 8%). MS (FAB) NTH calculated for 
C 18 H 17 F 3 N 2 0 5 S 2 : 463, found 463 . 
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Example 60: Preparation of 4- [[4- (3,4- 

dichlorophenyl] -thio] phenyl] sulfonyl] - 
t e t rahy dro -N- hydroxy - 2 H - py r an - 4 - 
carboxamidg 




Part A: To a solution of the title compound 

10 of Example 55 (2.0 g, 5.2 mmol ) in N,N- 
dimethylacet amide (6 mL) was added 3,4- 
dichlorothiophenol (1.4 g, 7.8 mmol) followed by 
potassium carbonate (2.2 g, 15.6 mmol). The reaction 
was heated at 70 degrees Celsius for six hours. 

15 Removing the N, N-dimethylacetamide in vacuo afforded 
a brown solid (5.6 g, quantitative). Chromatography 
(reverse phase, C-18, acetonitrile/water) gave the 
THP protected product in solution . 

Part B: To the solution of the THP- 

20 protected product from Part A in acetonitrile/water 
(40 mL) was slowly added 10% HCl aq (40 mL) . After 
stirring overnight (about 18 hours), the acetonitrile 
was removed. The resultant precipitate was 
collected, giving the title compound as a white solid 

25 (1.5 g, 62%). MS (FAB) M + H calculated for C 18 H 17 C1 2 N0 5 S : 
463, found 463. 
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Example 61: Preparation of 4- [ [4- [ [2-amino-4- 

(trif luoromethyl) phenyl] thio] phenyl] - 
sulfonyl] -tetrahydro-N-hydroxy-2H-pyran- 
4 - car frQxamide , monohvdrochlor ide 

5 




Part A: To a solution of the title compound 
of Example 55 (2.0 g, 5.2 mmol ) in N,N- 
dimethylacetamide (6 mL) was added 2-amino-4- 

10 (trif luoromethyl) thiophenol hydrochloride (1.8 g, 7.8 
mmol), followed by potassium carbonate (3.6 g, 26 
mmol) . The reaction was heated at 70 degrees Celsius 
for eight hours. Removing the dimethylacetamide in 
vacuo afforded a brown solid (14 g, quantitative) . 

15 Chromatography (reverse phase, C-18, 

acetonitrile/water) gave the THP protected product in 
solution. 

Part B: To the solution of the THP- 
protected product in acetonitrile / water (40 mL) was 

20 slowly added 10% HCl aq (40 mL) . After stirring 
overnight (about 18 hours) , the acetonitrile was 
removed. The resultant precipitate was collected, 
giving the title compound as a white solid (1.3 g, 
52%). MS (FAB) NTH calculated for C 18 H 17 C1 2 N0 6 S : 477, 

25 found 477. 
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Example 62: Preparation of Tetrahydro-4 t [4- (4-phenyl- 
1-piperidinyl) phenyl] sulfonyl] -2H-pyran- 
4-garboxamide, monohvdrochloridg 



5 




Part A: In dry equipment under nitrogen, 
sodium metal (8.97 g, 0.39 mol) was added to methanol 
(1000 mL) at two degrees Celsius. The reaction was 

10 stirred at ambient temperature for forty- five minutes 
at which time the sodium had dissolved. The solution 
was chilled to five degrees Celsius and p~ 
fluorothiophenol (41.55 mL, 0.39 mmol) was added, 
followed by methyl 2-chloroacetate (34.2 mL, 0.3 9 

15 mol) . The reaction was stirred at ambient 
temperature for four hours, filtered, and 
concentrated in vacuo to give the sulfide as a clear 
colorless oil (75.85 g, 97%) . 

Part B: To a solution of the sulfide from 

20 part A (75.85 g, 0.38 mol) in methanol (1000 mL) was 
added water (100 mL) and Oxone®(720 g, 1.17 mol) at 
20 degrees Celsius. An exotherm to 67 degrees Celsius 
was noted. After two hours, the reaction was 
filtered and the cake was washed well with methanol. 

25 The filtrate was concentrated in vacuo. The residue 
was taken up in ethyl acetate and washed with brine, 
dried over MgS0 4 , filtered, and concentrated in vacuo 
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to give the sulfone as a crystalline solid (82.74 g, 
94%) . 

Part C: To a solution of the sulfone from 
part B (28.5 g, 0.123 mol) in N, N-dimethylacetamide 
5 (200 mL) were added potassium carbonate (37.3 g, 0.27 
mol), bis- (2-bromoethyl)ether (19.3 mL, 0.147 mol), 
4-dimethylaminopyridine (0.75 g, 6 mmol) , and 
tetrabutylammonium bromide (1.98 g, 6 mmol) . The 
reaction was stirred overnight (about 18 hours) at 

10 ambient temperature. The reaction was slowly poured 
into IN HC1 (300 mL) , the resultant solid filtered 
and the cake washed well with hexanes . The solid was 
recrystallized from ethyl acetate/hexanes to give the 
pyran compound as a beige solid (28.74 g, 77%). MS 

15 (ES+) MH+ calculated for C^H^S^ 303, found 303. 

Part D: To a solution of the pyran compound 
from part C (1.21 g, 4.0 mmol) in dimethyl sulfoxide 
(10 mL) were added cesium carbonate (3.26 g, 10 mmol) 
and 4-phenylpiperidine (0.64 g, 4.0 mmol) in methyl 

2 0 sulfoxide (10 mL) . The slurry was stirred at 90 
degrees Celsius for two hours. The reaction was 
cooled, diluted with water and extracted with ethyl 
acetate. The combined organic layers were washed 
with 5% KHS0 4 , saturated NaHC0 3 , brine, dried over 

25 Na 2 S0 4 , filtered, and concentrated in vacuo. The 
resultant solid was slurried in diethyl ether, 
filtered and dried to give the N-substituted 
piperidine as a white solid (1.2 g, 67%). MS (FAB+) 
MH+ calculated for C^H^N^S^ 444, found 444. 

30 Part E: To a slurry of the N-substituted 

piperidine from part D (815 mg, 1.84 mmol) in 
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methanol (5 mL) and tetrahydrof uran (5 mL) was added 
50% sodium hydroxide (3 mL) . After twenty-four hours 
at ambient temperature, the reaction was concentrated 
in vacuo. The slurry was diluted with water (10 mL) 
5 and 6N HC1 was added until the pH=7. Vacuum 

filtration of the resulting precipitate provided the 
acid as a white solid (705 mg, 89%) . MS (FAB+) MH+ 
calculated for C^H^N^S^ 430, found 430. 

Part F: In dry equipment under nitrogen, 

10 the carboxylic acid from part E (620 mg, 1.44 mmol) 
was slurried in methylene chloride (10 mL) and N,N- 
dimethylformamide (3 mL) and the remaining reagents 
were added to the slurry in the following order: 
bromo - 1 r i s - pyrrol idino - phosphonium 

15 hexafluorophosphate (810 mg, 1.73 mmol), N- 
methylmorpholine (0.5 mL, 4.34 mmol), and O- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (190 m g, 1.59 
mmol) . After four hours at ambient temperature, the 
reaction was concentrated in vacuo. The residue was 

20 taken up in ethyl acetate, washed with water, brine, 
dried over Na 2 S0 4 , filtered, and concentrated in 
vacuo. Chromatography (on silica, ethyl 
acetate/hexanes) provided the THP-protected 
hydroxamate as a white solid (63 0 mg, 83%) . MS (FAB+) 

2 5 MH+ calculated for C 28 H 22 N 2 0 6 S x : 52 9, found 529. 

Part G: To a slurry of the THP-protected 
hydroxamate from part F (600 mg, 1.14 mmol) in 
dioxane (1.5 mL) was added a 4N HC1 dioxane solution 
(1.5 mL) and methanol (1.5 mL) . After two hours at 

3 0 ambient temperature the reaction was poured into 

diethyl ether (100 mL) . Vacuum filtration of the 
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resulting precipitate provided the title compound as 
a light beige solid (500 mg, 91%) . MS (FAB+) M+Li 
calculated for C 23 H 28 N 2 0 5 S 1: 445, found 445. 

5 Example 63: Preparation of 4- [ [4- [4- (l, 3-Benzodioxol- 
5-yloxy) - 1 -piper idinyl] phenyl] sulfonyl] - 
t e t r ahydr o -N- hydroxy - 2 H - py r an - 4 - 
carfroxamide . monohvdrochloride 



10 




Part A: In. dry equipment under nitrogen, 4- 
hydroxypiperidine (20.2 g, 0.2 mol) was dissolved in 
tetrahydrofuran (200 mL) and triethylamine (29 mL, 

15 0.21 mol) . A solution of di-t-butyldicarbonate 

(43.65 g, 0.2 mol) was added at such a rate that the 
temperature remained below 30 degrees Celsius. After 
stirring at ambient temperature for four hours, the 
reaction was concentrated in vacuo. The residue was 

2 0 taken up in ethyl acetate, washed with water, 5% 
KHS0 4 , saturated NaHC0 3 , brine, dried over Na 2 S0 4 , 
filtered, and concentrated in vacuo to give the BOC 
piperidine as a white solid (37.7 g, 94%). 

Part B: In dry equipment under nitrogen, 

2 5 the BOC piperidine from part A (5.0 g, 24.8 mmol) in 
dry tetrahydrofuran (100 mL) was cooled to zero 
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degrees Celsius and triphenylphosphine (9.77 g, 37.3 
mmol) was added. After fifteen minutes of stirring at 
zero degrees Celsius, sesamol (5.15 g, 37.3 mmol) was 
added to the reaction followed by the dropwise 
5 addition of diethylazodicarboxylate (5.87 mL, 37.7 
mmol) . The reaction was stirred for thirty minutes 
at zero degrees Celsius and then at ambient 
temperature for twenty hours. The reaction was 
concentrated in vacuo. The residue was slurried in 

10 diethyl ether, the triphenyl phosphine oxide filtered 
off and the filtrate concentrated in vacuo. 
Chromatography (on silica, ethyl acetate/hexanes) 
provided the substituted BOC piperidine as a white 
solid (3.14 g, 39%) . 

15 Part C: To a slurry of the substituted BOC 

piperidine from part B (3.14 g, 9.8 mmol) in dioxane 
(15 mL) was added a 4N HC1 dioxane solution (15 mL) . 
After three hours at ambient temperature, the 
reaction was concentrated in vacuo. The residue was 

20 slurried in diethyl ether and vacuum filtration of 

the resulting precipitate provided the hydrochloride 
salt as a white solid (2.3 g, 100%). 

Part D: To a slurry of the hydrochloride 
salt from part C (0.93 g, 3.6 mmol) in N,N- 

25 dimethyl formamide (10 mL) were added cesium carbonate 
(2.93 g, 9 mmol) and the title compound of Example 55 
(1.16 g, 3.0 mmol). The slurry was stirred at 90 
degrees Celsius for twenty four hours. The reaction 
was concentrated in vacuo. The residue was taken up 

30 in ethyl acetate, washed with water, 5% KHS0 4 , 

saturated NaHC0 3 , brine, dried over Na 2 S0 4 , filtered, 
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and concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a white solid (640 mg, 36%) . 
MS (FAB+) MH+ calculated for C 29 H 36 N 2 0 9 S x : 589, found 
5 589. 

Part E: To a slurry of the THP-protected 
hydroxamate from part D (600 ' mg, 1.02 mmol) in 
dioxane (3 mL) were added a 4N HCl dioxane solution 
(3 mL) and methanol (3 mL) . After one hour at 
10 ambient temperature, the reaction was poured into 
diethyl ether (100 mL) . Vacuum filtration of the 
resulting precipitate provided the title compound as 
a light beige solid (440 mg, 80%) . HRMS (ES+) MH+ 
calculated for C 24 H 28 N 2 0 8 S l : 505.16, found 505.16. 

15 

Example 64: Preparation of Te t r ahydro-N- hydroxy- 4- 
[ [4- (4-methoxyphenoxy) phenyl] sulfonyl] - 
2 H - P vran - 4 - ca rboxam i d g 



20 




Part A: To a solution of the title 
compound of Example 55 (3.48 g, 9 mmol) in N,N- 
dimethylformamide (20 mL) were added cesium carbonate 
(8.8 g, 27 mmol) and p-methoxyphenol (2.23 g, 18 
mmol) . The slurry was stirred at 95 degrees Celsius 
for twenty four hours. The reaction was concentrated 
in vacuo. The residue was taken up in ethyl acetate, 
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washed with brine, dried over Na 2 S0 4/ filtered, and 
concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a beige foam (3.82 g, 86%). 
5 MS (PAB+) MH+ calculated for C^H^O, S x : 492, found 
492. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (3.6 g, 7.33 mmol) in dioxane 
(18 mL) were added a 4N HCl dioxane solution (18 mL) 

10 and methanol (18 mL) . After fifteen minutes at 

ambient temperature, the reaction was diluted with 
ethyl acetate and washed with water, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. The 
product was recrystallized (acetone/hexanes) to give 

15 the title compound as a white solid (2.1 g, 70%). 
HRMS (ES+) MH+ calculated for C 19 H 2l N 1 0 7 S 1 : 408.11, 
found 408.11. 



Example 65: Preparation of Tetrahydro-N-hydroxy-4- 
[ [4- (4-methoxyphenylthio) phenyl] - 
sulfonyll -2H-Pvran-4-carboxamide 




Part A: To a solution of the title compound 
of Example 55 (3.1 g, 8 mmol) in N,N- 
dimethylformamide (20 mL) were added potassium 
carbonate (1.33 g, 9.6 mmol) and p- 
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10 



15 



20 



methoxybenzenethiol (1.48 mL, 12 mmol) . The slurry 
was stirred at 65 degrees Celsius for twenty- four 
hours. The reaction was concentrated in vacuo. The 
residue was taken up in ethyl acetate, washed with 
brine, dried over Na 2 S0 4 , filtered, and concentrated 
in vacuo. Chromatography (on silica, ethyl acetate 
/hexanes) provided the substituted THP-protected 
hydroxamate as a white foam (4.1 g, 100%). HRMS (ES+) 
M+NH 4 + calculated for C^K^O^z 525.17, found 
525.17. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (4.0 g, 7.9 mmol) in dioxane 
(2 0 mL) was added a 4N HCl dioxane solution (20 mL) 
and methanol (20 mL) . After fifteen minutes at 
ambient temperature, the reaction was diluted with 
ethyl acetate, washed with water, dried over Na 2 S0 4 , 
filtered, and concentrated in vacuo. The product was 
recrystallized (acetone/hexanes) to give the title 
compound as a white solid (2.21 g, 67%) . HRMS (ES+) 
MH+ calculated for C 19 H 21 N,0 6 S a : 424.09, found 424.09. 

Example 66: Preparation of 4- [ (4-f luorophenyl) - 
sulfonyl] tetrahydro-N-hydroxy-2H- 
pvr an - 4 - carboxami d f> 
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Part A: To a slurry of the title compound 
of Example 55 (530 mg, 1.38 mmol) in dioxane (5 mL) 
was added a 4N HC1 dioxane solution (5 mL) and 
methanol (5 mL) . After fifteen minutes at ambient 
temperature the reaction was concentrated in vacuo. 
Reverse phase chromatography (on silica, 
acetonitrile/water) provided the title compound as a 
beige solid (140 mg, 34%). HRMS (ES+) M+ NH 4 + 
calculated for C 12 H 14 N 1 0 5 S 1 F 1 : 321.09, found 321.09. 

Example 67: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- (4 -piperidinyloxy) phenyl] sulfonyl] - 
2fl-pYr3n -4-c7arboxamide . monohvdrochloride 



15 




Part A: In dry equipment under nitrogen, 
4-hydroxy-N-t- (butoxycarbonyl) piper idine (844 mg, 4.2 
mmol) was added to 60% sodium hydride (210 mg, 5.25 

20 mmol) in dry N, N- dimethyl formamide (10 mL) at zero 
degrees Celsius. The slurry was stirred for two 
hours at ambient temperature. At five degrees 
Celsius, the title compound of Example 55(1.35 g, 3.5 
mmol) was added and the reaction heated to 50 degrees 

25 Celsius for three hours. The reaction was cooled, 

quenched with water, and concentrated in vacuo. The 
residue was taken up in ethyl acetate, washed with 
brine, dried over Na 2 S0 4 , filtered, and concentrated 



5 



10 
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in vacuo. Chromatography (on silica, ethyl 
acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a white foam (2 83 mg, 14%) . 
MS (FAB+) MH+ calculated for C^H^N^S, : 569, found 
5 569. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (530 mg, 0.93 mmol) in 
dioxane (5 mL) were added a 4N HC1 dioxane solution 
(5 mL) and methanol (5 mL) . After fifteen minutes at 

10 ambient temperature the reaction was concentrated in 
vacuo. Reverse phase chromatography (on silica, 
acetonitrile /water buffered with 0.01%HC1) provided 
the title compound as a beige solid (240 mg, 62%) . 
HRMS (ES+) MH+ calculated for C 17 H 24 N 2 0 6 S 1 : 3 85.14, 

15 found 385.14. 



Example 68: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- [ ( 4 -phenylmethyl) amino] phenyl] - 
sul f onyl ] - 2H-pyran- 4 - carboxamide , 
monohvdrochloride 




Part A: In a solid phase reaction vessel, 
25 benzylamine (11.0 mL, 100 mmol) was added to Resin II 
(in a procedure described hereinafter; 5.0 g, 4.55 
mmol) swollen in dry 1 -methyl -2 -pyrrol idinone (40 
mL) . The reaction was heated to 100 degrees Celsius 
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for forty-eight hours with good shaking. The resin 
was transferred to a frit and washed four times with 
N.N-dimethylformamide (30 mL) , four times with 
methanol (30 mL) , four times with methylene chloride 
5 (30 mL) , and dried. The dried resin was transferred 
to a flask and a solution of 95% trif luoroacetic 
acid/5%water (50 mL) was added. The slurry was 
stirred for one hour, filtered and the cake was 
washed with methylene chloride. The combined 

10 filtrates were concentrated in vacuo. The residue 
was dissolved in ethyl acetate and saturated sodium 
bicarbonate solution was added until pH=7 . The 
organic layer was dried over Na 2 S0 4 , filtered, and 
concentrated in vacuo. Reverse phase chromatography 

15 (on silica, acetonitrile/water buffered with 

0.01%HC1) provided the title compound as a reddish 
solid (1.01 g, 52%). HRMS (ES+) M+ NH 4 * calculated 
for C^HjjNjOsSi : 408.16, found 408.16. 



20 



25 



Example 69: Preparation of Te trahydro-N- hydroxy- 4- 
[ [4- [4-trif luoromethoxy)phenoxy) phenyl] 
sulfonvll -2H-Pvran-4-carboxamide 




Part A: To a solution of the title compound 
of Example 55 (3.1 g, 8 tnmol) in N,N- 
dimethylacetamide (20 mL) were added cesium carbonate 
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(8.8 g, 27 mmol) and p- (trif luoromethoxy) phenol (2.1 
mL, 16 mmol) . The slurry was stirred at 95 degrees 
Celsius for nineteen hours. The reaction was 
concentrated in vacuo. The residue was taken up in 
5 ethyl acetate, washed with brine, dried over Na 2 S0 4/ 
filtered, and concentrated in vacuo. Chromatography 
(on silica, ethyl acetate/hexanes) provided the 
substituted THP-protected hydroxamate as a white foam 
(4.2 g, 96%). HRMS (ES+) MH+ calculated for C^H^Oq 

10 S X F 3 : 546.14, found 546.14. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (4.0 g, 7.3 mmol) in dioxane 
(20 mL) were added a 4N HCl dioxane solution (20 mL) 
and methanol (20 mL) . After fifteen minutes at 

15 ambient temperature, the reaction was diluted with 
ethyl acetate and washed with water, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. The 
product was recrystallized (acetone/hexanes) to give 
the title compound as a white solid (2.2 g, 65%). 

20 HRMS (ES+) M+ NH 4 * calculated for C^H^O.S^ : 
479.11, found 479.11. 

Example 70: Preparation of 4- [[4- (3,5- 

difluorophenoxy) phenyl] sulfonyl] 
25 t e t r ahydr o - N - hydroxy - 2 H - py r an - 4 - 

carboxamidg 
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Part A: To a solution of the title 
compound of Example 55 (3.1 g, 8 mmol) in N,N- 
dimethylacetamide (20 mL) were added cesium carbonate 
5 (8.8 g, 27 mmol) and 3 , 5-dif luorophenol (2.1 g, 16 
mmol) . The slurry was stirred at 95 degrees Celsius 
for forty-eight hours. The reaction was concentrated 
in vacuo. The residue was taken up in ethyl acetate, 
washed with brine, dried over Na 2 S0 4 , filtered, and 
10 concentrated in vacuo. Chromatography (on silica, 

ethyl acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a beige foam (3.23 g, 81%). 
HRMS (ES+) MH+ calculated for C^H^O, : 498.14, 

found 4 98.14. 

15 Part B: To a slurry of the THP-protected 

hydroxamate from part A (3.2 g, 6.3 mmol) in dioxane 
(20 mL) were added a 4N HC1 dioxane solution (20 mL) 
and methanol (20 mL) . After fifteen minutes at 
ambient temperature the reaction was diluted with 

20 ethyl acetate and washed with water, dried over 
Na 2 S0 4/ filtered, and concentrated in vacuo. The 
residue was slurried in diethyl ether and vacuum 
filtration of the resulting precipitate provided the 
title compound as a white solid (1.5 g, 57%). HRMS 

25 (ES+) M+ NH 4 + calculated for C^H^N^ S^: 431.11, 
found 431.11. 
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Example 71: Preparation of 4- [[4- (3,4- 

dichlorophenoxy) -phenyl] sulfonyl] - 
t e t r ahydr o - N - hydroxy - 2 H - py r an - 4 - 
qarboxfrmicje 

5 




Part A: To a solution of the title 
compound of Example 55 (3.1 g, 8 mmol) in N,N- 

10 dimethylacetamide (20 mL) were added cesium carbonate 
(8.8 g, 27 mmol) and 3 , 4 -dichlorophenol (2.61 g, 16 
mmol) . The slurry was stirred at 95 degrees Celsius 
for forty-one hours. The reaction was concentrated 
in vacuo. The residue was taken up in ethyl acetate, 

15 washed with brine, dried over Na 2 S0 4 , filtered, and 
concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a white foam (4.17 g, 98%). 
HRMS (ES+) M+ NH 4 + calculated for C^H^O, S^l, : 

20 547.11, found 547.10. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (3.5 g, 6.6 mmol) in dioxane 
(20 mL) were added a 4N HC1 dioxane solution (2 0 mL) 
and methanol (20 mL) . After fifteen minutes at 

25 ambient temperature the reaction was diluted with 
ethyl acetate and washed with water, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. The 
residue was slurried in diethyl ether and vacuum 



SUBSTITUTE SHEET (RULE 28) 



WO 99/25687 



PCTAJS98/23242 



-423- 

filtration of the resulting precipitate provided the 
title compound as a white solid (2.98 g, 100%). HRMS 
(ES+) M+ NH 4 * calculated for C^H^O, SjCl,: 
463.05, found 463.05. 

5 

Example 72: Preparation of tetrahydro-N-hydroxy-4 - 
[ [4- [4- [ (phenylmethyl) oxy] phenoxy] - 
Phenvll -SUlfonvll -2H-pvran-4-carboxamide 



10 




Part A: To a solution of the title compound 
of Example 55 (2.7 g, 7 mmol) in N,N- 
dimethylacetamide (20 mL) were added cesium carbonate 
(6.84 g, 21 mmol) and 4- (benzyloxy) phenol (2.8 g, 14 
mmol) . The slurry was stirred at 95 degrees Celsius 
for six hours. The reaction was concentrated in 
vacuo. The residue was taken up in ethyl acetate, 
washed with brine, dried over Na 2 S0 4 , filtered, and 
concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a white foam (3.94 g, 99%). 
HRMS (ES+) M+ NH 4 * calculated for C 30 H 33 N 1 O a S x : 
585.23, found 585.23. 

Part B: To a slurry of the THP-protected 
hydroxamate from part A (1.42 g, 2.5 mmol) in dioxane 
(6.3 mL) were added a 4N HC1 dioxane solution (6.3 
mL) and methanol (6.3 mL) . After fifteen minutes at 

SUBSTITUTE SHEET (RULE 26) 



15 



20 



25 



WO 99/25687 



PCT/US98/23242 



-424- 

ambient temperature the reaction was diluted with 
ethyl acetate and washed with water, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. The 
product was recrystallized (acetone/hexanes) to give 
5 the title compound as a white solid (0.56 g, 46%). 
HRMS (ES+) MH+ calculated for C^H^N^ S 1 : 484.14, 
found 484.14. 

Example 73: Preparation of tetrahydro-N-hydroxy-4- 
0 [ [4- [4- (trifluoromethoxy) phenyl thio] - 

phenyl! -pulfonvll -?H-pYran-4-caTboxamicte 




Part A: To a solution of the title 
compound of Example 55 (3.1 g, 8 mmol) in N,N- 
dimethylformamide (20 mL) were added potassium 
carbonate (2.21 g, 16mmol) and p- 
(trif luoromethoxy)benzenethiol (2.33 g, 12 mmol). 
The slurry was stirred at 7 0 degrees Celsius for two 
hours. The reaction was concentrated in vacuo. The 
residue was taken up in ethyl acetate, washed with 
brine, dried over Na 2 S0 4 , filtered, and concentrated 
in vacuo. Chromatography (on silica, ethyl 
acetate/hexanes) provided the substituted THP- 
protected hydroxamate as a white solid (4.4 g, 98%). 
HRMS (ES+) M+NH 4 * calculated for C 24 H 26 N 1 0 7 S 2 F 3 : 
579.14, found 579.14. 
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Part B: To a slurry of the THP-protected 
hydroxamate from part A (4.15 g, 7.4 mmol) in dioxane 
(20 mL) were added a 4N HC1 dioxane solution (20 mL) 
and methanol (20 mL) . After fifteen minutes at 
5 ambient temperature the reaction was diluted with 
ethyl acetate and washed with water, dried over 
Na 2 S0 4 , filtered, and concentrated in vacuo. The 
product was recrystallized (acetone/hexanes) to give 
the title compound as a white solid (3.0 g, 85%). 
10 HRMS (ES+) M+NH 4 * calculated for C 19 H ia N x 0 6 S 2 F 3 : 
495.09, found 4 95.09. 

Example 74: Preparation of phenylmethyl- 

[4- [ [2- (hydroxy ami no) -2-oxoethyl] - 
15 sulfonvll phenyl 1 c arbamate 




Part A: To a suspension of 2- (4- 
aminophenylthio) acetic acid (2 0.0 g, 0.11 mol) in 
methanol (100 mL) , cooled to zero degrees Celsius, 
was slowly added thionyl chloride (24.0 mL, 0.33 
mol) . Additional methanol (100 mL) was added and the 
cooling bath was removed. The resulting mixture was 
heated at reflux for 2 hours. The reaction mixture 
was then cooled to ambient temperature and 
concentrated in vacuo. The residue was dissolved in 
H 2 0 and neutralized with saturated NaHC0 3 . The 
aqueous reaction mixture was extracted with ethyl 
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acetate. The organic layer was washed with saturated 
NaCl and dried over Na 2 S0 4 . Concentration in vacuo 
provided the methyl ester sulfide as a dark purple 
oil (22.75 g, quantitative yield). 
5 Part B: To a solution of the methyl ester 

sulfide of part A (10.0 g, 50.7 mmol) in 
dichlorome thane (100 mL) was added W-methylmorpholine 
(11.2 mL, 101.4 mmol), followed by N- 
(benzyloxycarbonyloxy) succinimide (12.6 g, 50.7 

10 mmol) . The resulting mixture was stirred at dtnbient 
temperature overnight (about 18 hours) and then 
concentrated in vacuo. The residue was dissolved in 
ethyl acetate and then washed with H 2 0, 5% KHS0 4 , 
saturated NaCl and dried over Na 2 S0 4 . Concentration 

15 in vacuo provided the benzyloxy carbamate sulfide as 
a dark oil (16.2 g, 96%) . 

Part C: To a solution of the benzyloxy 
carbamate sulfide of part B (16.2 g, 48.7 mmol) in 
tetrahydrofuran (100 mL) and H 2 0 (10 mL) was added 

20 Oxone® (90.0 g, 146.4 mmol), and the resulting 

mixture was stirred at ambient temperature for 16 
hours. The reaction mixture was then filtered and 
the filtrate was concentrated in vacuo. The residue 
was dissolved in ethyl acetate, washed with H 2 0, 

25 saturated NaCl and dried over Na 2 S0 4 . Concentration 
in vacuo provided the benzyloxy carbamate sulfone as 
a tan solid (15.6 g, 88%). 

Part D: To a solution of the benzyloxy 
carbamate sulfone of part C (0.25 g, 0.69 mmol) in 

3 0 tetrahydrofuran (3 mL) was added 50% aqueous 

hydroxylamine (1.5 mL) . The resulting mixture was 
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stirred at ambient temperature for 24 hours. The 
mixture was then diluted with ethyl acetate (30 mL) , 
washed with H 2 0 # saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo followed by washing with hot 
5 diethyl ether provided the title compound as a pale 
pink solid (0.20 g, 80%). MS MH* calculated for 
C 16 H 17 0 6 N 2 S: 365, found 365. 

Example 75: Preparation of N-hydroxy-2- [ [4- 
0 [ [ (phenylamino) carbonyl] amino] - 

phenyl 1 sulf onyll ar etamide 




H H 



15 Part A: Hydrogen gas was bubbled into a 

suspension of the benzyloxy carbamate sulfone of part 
C, Example 74 (13.4 g, 36.8 mmol) and 4% Pd/C in 
tetrahydrofuran (100 mL) . After the uptake of H 2 
ceased the mixture was purged with N 2 and then 

20 filtered through a pad of Celite® washing with 

tetrahydrofuran. The filtrate was concentrated in 
vacuo to give the aniline as a brown solid (8.1 g, 
96%) . 

Part B: To a suspension of the aniline of 
25 part A (0.50 g, 2.2 mmol) in dichloromethane (4 mL) 

was added phenyl isocyanate (0.36 mL, 3.3 mmol). The 
mixture was stirred at ambient temperature overnight 
(about 18 hours) and then diluted with 
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dichloromethane (50 mL) . The mixture was then washed 
with H 2 0, saturated NaCl and dried over Na 2 S0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 
provided the urea as a white solid (0.59 g, 78%). 
5 Part C: To a solution of the urea of part 

B (0.32 g, 0.92 mmol) in tetrahydrof uran (3 mL) was 
added 50% aqueous hydroxylamine (1.5 mL) . The 
resulting mixture was stirred at ambient temperature 
for 24 hours. The mixture was then diluted with 

10 ethyl acetate (30 mL) , washed with H 2 0, saturated NaCl 
and dried over Na 2 S0 4 . Concentration in vacuo, 
followed by washing with hot diethyl ether provided 
the title compound as a pale pink solid (0.24 g, 
76%). MS MH* calculated for C 15 H 16 O s N 3 S : 350, found 

15 350. 

Example 78: Preparation of 5- [4- (3,4- 

dime thy lphenoxy) phenyl] sulf onyl-jf- 
hydroxy- 1 , 3 - dimethylhexahydro- 5 - 
20 pyrimidinecarboxamide . dih vdrochloride 




Part A: To a solution of part B, Example 
25 55 (2.00 g, 8.61 mmol) and 1 , 3 , 5- t rime thy Ihexahydro- 
1, 3 , 5-triazine (1.21 mL, 8.61 mmol) in benzene (20 
mL) was slowly added trif luoroacetic acid (0.66 mL, 
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8.61 mmol) . The resulting mixture was heated at 
reflux for 1 hour and then cooled to ambient 
temperature. The mixture was then extracted with 2N 
HCl. The aqueous layer was neutralized with 
5 saturated NaHCO, and then extracted with diethyl 

ether. The organic layers were washed with saturated 
NaCl and dried over Na 2 S0 4 . Concentration in vacuo 
provided the tetrahydropyrimidine as a clear oil 
(2.31 g, 81%) . 

10 Part B: To a solution of the 

tetrahydopyrimidine of part A (1.26 g, 3.81 mmol) in 
N,N- dimethyl formamide (5.0 mL) were added 3,4- 
dimethylphenol (0.559 g, 4.58 mmol) and Cs 2 C0 3 (3.72 
g, 11.43 mmol) . The resulting mixture was heated at 

15 90 degrees Celsius for 16 hours. After cooling to 

ambient temperature, the reaction was diluted with H 2 0 
and extracted with ethyl acetate. The organic layers 
were washed with saturated NaCl and dried over Na 2 S0 4 . 
Chromatography (on silica, ethyl acetate) gave the 

20 biaryl ether as a pale amber oil (1.40 g, 85%) . 

Part C: To a solution of the biaryl ether 
of part B (0.936 g, 2.16 mmol) in tetrahydrof uran 
(5.0 mL) was added potassium trimethylsilanolate 
(0.360 g, 2.81 mmol). The resulting mixture was 

25 stirred at ambient temperature for 48 hours and then 
the solvent was removed. The resulting residue was 
dissolved in dichloromethane (5.0 mL) then, N- 
methylmorpholine (0.712 mL, 6.48 mmol) and O- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (0.278 g, 2.38 

30 mmol) were added. After stirring at ambient 

temperature for 10 minutes, PyBroP® (1.21 g, 2.59 
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mmol) was added. The resulting mixture was stirred 
at ambient temperature overnight (about 18 hours) , 
then diluted with dichloromethane (50 mL) and washed 
with H 2 0. The organic layer was removed and washed 
5 with saturated NaCl and dried over Na 2 S0 4 . 

Chromatography (on silica, ethyl acetate) provided 
the hydroxamate as a white solid (0.970 g, 87%) . 

Part F: To a suspension of the hydroxamate 
of part E (0.667 g, 1.29 mmol) in dioxane (3.0 mL) 

10 and methanol (1.0 mL) was added a solution of 4N HCl 
in dioxane (3.22. mL, 12.9 mmol). After stirring at 
ambient temperature for 30 minutes, the reaction 
mixture was concentrated in vacuo. Reverse phase 
chromatography (on silica, acetonitrile/H 2 0/ 

15 trif luoroacetic acid) provided the title compound as 
a white solid (0.379 g, 58%) . MS MH* calculated for 
C 21 H 28 0 5 N 3 S: 434, found 434. 



Example 79: Preparation of 4- [ [4- (4-chloro-3- 
20 methylphenoxy) phenyl] sulf onyl] -N- 

hydroxy- 4 -piper idinecarboxamide , 

rnQnohYdrochlpride 



25 




TXOC 



CI 

CH 3 



Part A: To a suspension of isonipectic 
acid (50.0 g, 0.39 mol) in methanol (300 mL) cooled 
to zero degrees Celsius was slowly added dropwise 
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thionyl chloride (85.0 mL, 1.16 mol) . Once the 
addition was complete the cooling bath was removed 
and the mixture was heated at reflux for 2 hours. 
After cooling to ambient temperature the reaction 
5 mixture was concentrated in vacuo. The resulting 
solids were suspended in ethyl acetate and then 
washed with saturated NaHC0 3 . The aqueous layer was 
concentrated in vacuo and the resulting solids were 
dissolved in hot ethyl acetate and decanted from the 

10 salts. The organic layers were then concentrated in 
vacuo to give the methyl ester as a white solid 
(55.4 g, quantitative yield). 

Part B: To a solution of di-tert-butyl 
dicarbonate (15.3 g, 70.0 mmol) in tetrahydrofuran 

15 (100 mL) was added the methyl ester of part A (10.0 
g, 70.0 mmol). The resulting mixture was stirred at 
ambient temperature overnight (about 18 hours) and 
then concentrated in vacuo. Chromatography (on 
silica, ethyl acetate/hexane) provided the Boc- 

20 piperidine methyl ester as a pale yellow oil (10.1 
9, 59%) . 

Part C: To a solution of the Boc- 
piperidine methyl ester of part B (23.31 g, 0.096 
mol) in tetrahydrofuran (500 mL) , cooled to minus 4 0 

25 degrees Celsius, was slowly added lithium 

diisopropyl amide (57.5 mL, 2.0 M in THF, 0.115 mol). 
The resulting mixture was stirred at minus 40 degrees 
Celsius for 1 hour and then at zero degrees Celsius 
for 30 minutes. The mixture was then recooled to 

30 minus 40 degrees Celsius and a solution of the 

disulfide from Part A, Example 6 (24.37 g, 0.096 mol) 
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in tetrahydrofuran (60 mL) was slowly added. The 
resulting mixture was slowly warmed to ambient 
temperature overnight (about 18 hours) and then H 2 0 
(200 mL) was added. The mixture was then 
5 concentrated in vacuo and the aqueous layer was 
extracted with ethyl acetate. The organic layers 
were washed with 0.5 M NaOH, H 2 0, saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) gave the sulfide as an amber oil 
10 (28.1 g, 79%) . 

Part D: To a solution of the sulfide of 
part C (28.2 g, 0.076 mol) in dichloromethane (250 
mL) , cooled to zero degrees Celsius, was added m- 
chloroperoxy-benzoic acid (48 g, 0.152 mol). The 

15 resulting mixture was stirred at zero degrees Celsius 
for 1 hour, and then at ambient temperature for 2.5 
hours. The mixture was then diluted with H 2 0 and 10% 
NH 4 OH. The organic layer was washed with 10% NH 4 OH , 
H 2 0 and dried over Na 2 S0 4 . Chromatography (on silica, 

20 ethyl acetate/hexane) provided the sulfone as a white 
solid (24.7 g, 81%) . 

Part E; To a solution of the sulfone of 
part D (3.00 g, 7.47 mmol) in N,N-dimethylf ormamide 
(15 mL) were added 4-chloro-3-methylphenol (1.28 g, 

25 8.96 mmol) and Cs 2 C0 3 (7.30 g, 22.42 mmol). The 

resulting mixture was heated at 80 degrees Celsius 
for 8 hours. The mixture was then concentrated in 
vacuo, and the residue was partitioned between H 2 0 and 
ethyl acetate. The organic layer was washed with 

3 0 saturated NaCl and dried over Na 2 S0 4 . Chromatography 
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(on silica, ethyl acetate/hexane) gave the biaryl 
ether as a clear oil (3.26 g, 83%). 

Part F: To a solution of the biaryl ether 
of part E (3.17 g, 6.05 mmol) in tetrahydrof uran (30 
5 mL) was added potassium trimethylsilanolate (1.01 g, 
7.87 mmol) The resulting mixture was stirred at 
ambient temperature for 20 hours. Additional 
tetrahydrof uran (4 0 mL) was added and the mixture was 
stirred at ambient temperature for 36 hours. 

10 Additional potassium trimethylsilanolate (0.233 g, 
1.82 mmol) was added and the mixture was stirred at 
ambient temperature for 23 hours. The 
tetrahydrofuran was removed and the resulting residue 
was suspended in dichloromethane (3 0 mL) . To the 

15 suspension was added N-methylmorpholine (2.00 mL, 
18.15 mmol) and 0-tetrahydro-2H-pyran-2-yl- 
hydroxylamine (0.780 g, 6.66 mmol) followed by 
PyBroP® (3.38 g, 7.26 mmol). The mixture was stirred 
at ambient temperature for 24 hours and then 

20 concentrated in vacuo. The residue was partitioned 
between H 2 0 and ethyl acetate. The organic layer was 
washed with H 2 0, saturated NaCl and dried over Na 2 S0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 
provided the hydroxamate as an off-white foam (2.98 

25 g, 81%) . 

Part G: To a solution of the hydroxamate 
of part F (2.98 g, 4.89 mmol) in dioxane (14 mL) and 
methanol (6 mL) was added a solution of 42V HCl in 
dioxane (10 mL) . The resulting mixture was stirred 
30 at ambient temperature for 3.5 hours, then diethyl 
ether (40 mL) was added and the precipitate was 
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collected by filtration to provide the title compound 
as a light pink solid (2.00 g, 88%). MS MIT 
calculated for C 19 H 22 0 5 N 2 C1S : 425, found 425. 

5 Example 80: Preparation of 4- [ [4- (4-chloro-3- 

methylphenoxy) phenyl] sulfonyl] -4- 
(hydroxyamino) carbonyl] -1- 
pjperidineacetic acid, monohvdrochloride 




10 OH 

Part A: To a suspension of the title 
compound of Example 80 (0.250 g, 0.542 mmol) in 
acetonitrile (4.0 mL) were added tert- 
butylbromoacetate (0.088 mL, 0.542 mmol) and KjCOj 

15 (0.150 g, 1.08 mmol). The resulting mixture was 
stirred at ambient temperature for 18 hours, then 
filtered through a pad of Celite®, washing with ethyl 
acetate. The filtrate was then concentrated in 
vacuo. Reverse phase chromatography (on silica, 

20 acetonitrile/H 2 0/trifluoroacetic acid) provided the 
tert-butyl ester as a white solid (0.156 g, 53%). 

Part B: The tert-butyl ester of part A 
(0.156 g, 0.289 mmol) was treated with a solution of 
4W HC1 in dioxane (1.5 mL) and the resulting mixture 

2 5 was stirred at ambient temperature for 3.5 hours at 
which time additional dioxane (2 mL) was added. 
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After stirring at ambient temperature for 8 hours the 
reaction mixture was concentrated in vacuo. The 
residue was treated again with a solution of 4N HC1 
in dioxane (1.5 mL) at ambient temperature for 4 
5 hours. Diethyl ether was added to the reaction 
mixture and the precipitate was collected by 
filtration to give the title compound as an off-white 
solid (0.111 g, 74%). MS MH* calculated for 
C 21 H 24 0 7 N 2 SC1 : 483 , found 483. 

10 

Example 81: Preparation of 4- [ [4- (4-chloro-3- 
methylphenoxy) phenyl] sulfonyl] -N- 
hydroxy- 1- (2-propynyl) -4- 

pjper idinecarboxamide . m onohydrochloride 

15 




Part A: To a suspension of the title 
compound of Example 79 (0.500 g, 1.08 mmol) in 

20 acetonitrile (8.0 mL) were added propargyl bromide 
(0.126 mL, 80% solution in toluene, 1.13 mmol) and 
K2C0 3 (0.300 g, 2.17 mmol). The resulting mixture was 
stirred at ambient temperature for 24 hours, then 
filtered through a pad of Celite®, washing with 

25 methanol and the filtrate was then concentrated in 
vacuo. Chromatography (on silica, ethyl acetate) 
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provided the N-propargyl hydroxamate as a tan solid 
(0.200 g, 40%) . 

Part B: To a solution of the N-propargyl 
hydroxamate of part A (0.200 g, 0.432 mmol) in 
5 acetonitrile (3.0 mL) and H 2 0 (0.5 mL) was added 
concentrated HCl (0.05 mL) . The resulting mixture 
was stirred at ambient temperature for 5 minutes and 
the concentrated in vacuo to provide the title 
compound as a pink solid (0.200 g, 93%) . MS MH* 
10 calculated for C 22 H 24 0 5 N 2 SC1 : 463, found 463. 

Example 82: Preparation of 4- [ [4- (4-chloro-3- 
methylphenoxy) phenyl] sulf onyl] -N- 
hydroxy-1- (2-propenyl) -4- 
15 piperidjnecarboxamide , monohvdrochloride 




Part A: To a suspension of the title 
20 compound of Example 79 (0.500 g, 1.08 mmol) in 

acetonitrile (8.0 mL) were added allyl bromide (0.093 
mL, 1.08 mmol) and I^CC^ (0.300 g, 2.17 mmol). The 
resulting mixture was stirred at ambient temperature 
for 22 hours. Additional allyl bromide (0.054 mL, 1M 
25 in acetonitrile, 0.054 mmol) was added and stirring 
was continued at ambient temperature for 6 hours. 
The resulting mixture was filtered through a pad of 
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Celite®, washing with ethyl acetate and the filtrate 
was concentrated in vacuo. Chromatography (on 
silica, methanol /ethyl acetate) provided the N-allyl 
hydroxamate as an off-white solid (0.080 g, 15%). 
5 Part B: To a solution of the N-allyl 

hydroxamate of part A (0.080 g, 0.172 mmol) in 
acetonitrile (3.0 mL) and H 2 0 (1.0 mL) was added 
concentrated HC1 (0.05 mL) . The resulting mixture 
was stirred at ambient temperature for ten minutes 
10 and then concentrated in vacuo to provide the title 
compound as a white solid (0.100 g, quantitative 
yield). MS MH + calculated for C 22 H 26 0 5 N 2 SC1 : 465, 
found 465. 



15 Example 83: Preparation of 4- [ [4- (4-f luoro-3- 

methylphenoxy) phenyl] sulfonyl] -N-hydroxy- 
4-piperidine carboxamide, 

monohvdrochloride 




Part A: To a solution of the sulfone of 
part D, Example 79 (5.00 g, 12.45 mmol) in 
tetrahydrofuran (100 mL) was added potassium 
25 trimethylsilanolate (4.79 g, 37.36 mmol). The 

resulting mixture was stirred at ambient temperature 
for 1.5 hours, diluted with H 2 0 and diethyl ether (100 
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mL) . The aqueous layer was extracted with diethyl 
ether and the combined organic layers were washed 
with H 2 0. The aqueous layers were combined and 
acidified with 2N HC1 (pH=2) and then extracted with 
5 ethyl acetate. The combined organic layers were 
washed with saturated NaCl and dried over Na 2 S0 4 to 
provide the acid as an off-white solid (4.61 g, 
96%) . 

Part B: To a suspension of the acid of 

10 part A (0.830 g, 2.14 mmol) in dichloromethane (10 
mL) was added N-methylmorpholine (0.706 mL, 6.42 
mmol) and 0-tetrahydro-2H-pyran-2 -yl- hydroxy 1 amine 
(0.276 g, 2.35 mmol). After stirring at ambient 
temperature for 5 minutes, PyBroP® (1.20 g, 2.57 

15 mmol) was added and the resulting mixture was stirred 
at ambient temperature for 19 hours. The mixture was 
concentrated in vacuo and the residue was partitioned 
between H 2 0 and ethyl acetate. The aqueous layer was 
further extracted with ethyl acetate and the combined 

2 0 organic layers were washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the p-f luorosulf one as a 
white crystalline solid (0.993 g f 95%). 

Part C: To a solution of the p- 

25 fluorosulfone of part B (0.485 g, 0.996 mmol) in N,N- 
dimethylformamide (5 mL) were added 4-fluoro-3- 
methylphenol (0.133 mL, 1.20 mmol) and Cs 2 C0 3 (0.973 
g, 2.99 mmol). The resulting mixture was heated at 
60 degrees Celsius for 17 hours. Additional 4- 

30 fluoro- 3 -methylphenol (0.055 mL, 0.498 mmol) was 

added and the temperature of the reaction mixture was 
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increased to 80 degrees Celsius for 4 hours and then 
to 100 degrees Celsius for 3 hours. Additional 4- 
fluoro-3-methylphenol (0.133 mL, 1.20 mmol) was added 
and the reaction mixture was heated at 100 degrees 
5 Celsius for 7.5 hours. Additional Cs 2 C0 3 was added 
and heating continued at 100 degrees Celsius for 17 
hours. The reaction was cooled to ambient 
temperature and then concentrated in vacuo. The 
residue was partitioned between H 2 0 and ethyl acetate. 

10 The organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 
an off-white solid (0.490 g, 83%). 

Part D: To a solution of the protected 

15 hydroxamate of part C (0.479 g, 0.808 mmol) in 
dioxane (3 mL) and methanol (1 mL) was added a 
solution of 4Itf HC1 in dioxane (2.02 mL, 8.08 mmol) . 
The resulting mixture was stirred at ambient 
temperature for 1.5 hours. Diethyl ether (5 mL) was 

20 added and the precipitate was collected by filtration 
to give the title compound as an off-white solid 
(0.323 g, 90%). MS MH* calculated for C 19 H 22 0 5 N 2 SF : 
4 09, found 4 09. 

25 Example 84: Preparation of 4- [ [4- (3-chloro-4- 

fluorophenoxy) phenyl] sulfonyl] -N-hydroxy- 
4-piperidine carboxamide, 

monohvdrochloridg 
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Part A: To a solution of the p- 
fluorosulfone of Part B, Example 83 (0.485 g, 0.996 
5 mmol) in N,N- dimethyl formamide (5.0 mL) were added 4- 
fluoro-3-chlorophenol (0.176 g, 1.20 mmol) and Cs 2 C0 3 
(0.973 g, 2.99 mmol). The resulting mixture was 
heated at 60 degrees Celsius for 17 hours, then 
additional 4-f luoro-3-chlorophenol (0.073 g, 0.4 98 

10 mmol) was added and the reaction mixture was heated 
at 80 degrees Celsius for 24 hours then increased to 
90degrees Celsius. After heating 90 degrees Celsius 
for 7 hours additional 4-f luoro-3 -chlorophenol (0.176 
g, 1.20 mmol) was added and heating was contiuned at 

15 90 degrees Celsius for 7.5 hours. Additional Cs 2 C0 3 
(0.973 g, 2.99 mmol) was added and the mixture was 
heated at 90 degrees Celsius for 24 hours. After 
cooling to ambient temperature, the reaction mixture 
was concentrated in vacuo. The residue was 

20 partitioned between H 2 0 and ethyl acetate. The 
organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 
an off-white solid (0.550 g, 90%) . 

25 Part B: To a solution of the protected 

hydroxamate of part A (0.53 0 g, 0.864 mmol) in 
dioxane (3 mL) and methanol (1 mL) was added a 
solution of 4N HC1 in dioxane (2.00 mL, 8.00 mmol). 
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The resulting mixture was stirred at ambient 
temperature for 1.5 hours. Diethyl ether (5 mL) was 
added and the precipitate was collected by filtration 
to give the title compound as an off-white solid 
5 (0.377 g, 94%). MS MH + calculated for C 19 H 19 0 5 N 2 SFCl : 
429, found 429. 

Example 85: Preparation of 4- [ [4- (4 -chlorophenoxy) - 
phenyl] sulfonyl] -N- hydroxy- 1- (2- 
0 propynyl) -4-piperidinecarboxamide, 

monohydrochlQ^de 




Part A: To a solution of sulfone of part 
D, Example 79 (4.53 g, 11.28 mmol) in N,N- 
dimethylformamide (20 mL) were added 4-chlorophenol 
(4.41 g, 13.54 mmol) and Cs 2 C0 3 (11.03 g, 33.85 mmol). 
The resulting mixture was heated at 90 degrees 
Celsius for 5 hours. After cooling to ambient 
temperature, the reaction mixture was concentrated in 
vacuo. The residue was partitioned between H 2 0 and 
ethyl acetate. The organic layer was washed with 
saturated NaCl and dried over Na 2 S0 4 . Chromatography 
(on silica, ethyl acetate/hexane) provided the biaryl 
ether as a white solid (4.60 g, 78%). 



15 



20 



25 
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Part B: To a solution of the biaryl ether 
of part A (4.57 g, 8.96 mmol) in dioxane (10 mL) was 
added a solution of 4N HC1 in dioxane (10 mL) . The 
resulting mixture was stirred at ambient temperature 
5 for 2.5 hours and then additional dioxane (10 mL) was 
added. After stirring at ambient temperature for 1.5 
hours the mixture was concentrated in vacuo. The 
resulting solid was suspended in dioxane (20 mL) and 
retreated with a solution of 4tf HCl in dioxane (10 

10 mL) . The mixture was stirred at ambient temperature 
for 1 hour, methanol (1 mL) was added and stirring 
was continued at ambient temperature. .After 1 hour, 
the mixture was concentrated in vacuo to give the 
amine as a white solid (4.09 g, quantitative yield). 

15 Part C: To a suspension of the amine of 

part B (4.00 g, 8.96 mmol) in acetonitrile (20 mL) 
were added propargyl bromide (1.05 mL, 80% solution 
in toluene, 9.41 mmol) and K 2 C0 3 (2 .60 g, 18.82 mmol). 
The resulting mixture was stirred at ambient 

2 0 temperature for 18 hours, filtered through a pad of 
Celite®, washing with ethyl acetate, and then the 
filtrate was concentrated in vacuo to provide the N- 
propargyl amine as a sticky foam (4.14 g, 
quantitative yield) . 

25 Part D: To a suspension of the. Itf-propargyl 

amine of part C (4.14 g, 8.96 mmol) in 
tetrahydrofuran (20 mL) was added potassium 
trimethylsilanolate (1.26 g, 9.86 mmol). The 
resulting mixture was stirred at ambient temperature 

30 for 17 hours and additional tetrahydrofuran (5 mL) 
and potassium trimethylsilanolate (0.350 g, 2.73 
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mmol) were added. After stirring at ambient 
temperature for 4 hours, additional tetrahydrofuran 
(5 mL) was added and stirring was continued at 
ambient temperature for 24 hours. Additional 
5 potassium trimethylsilanolate (0.115 g, 0.896 mmol) 
was added and the mixture was stirred at ambient 
temperature for 24 hours, at which time, additional 
potassium trimethylsilanolate was added and the 
resulting mixture was stirred at ambient temperature 

10 for another 24 hours. The tetrahydrofuran was 
removed and the residue was suspended in 
dichloromethane (20 mL) . 

To the dichloromethane suspension were 
added W-methylmorpholine (2.96 mL, 26.9 mmol) and O- 

15 tetrahydro-2H-pyran-2-yl-hydroxylamine (1.15 g, 9.86 
mmol), followed by PyBroP® (5.01 g, 10.75 mmol). The 
resulting mixture was stirred at ambient temperature 
overnight and then concentrated in vacuo. The 
residue was partitioned between H 2 0 and ethyl acetate. 

2 0 The organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 
an off-white foam (3.29 g, 69%). 

Part E: To a solution of the protected 

25 hydroxamate of part D (3.27 g, 6.13 mmol) in dioxane 
(21 mL) and methanol (7 mL) was added a solution of 
4N HC1 in dioxane (10 mL) . The resulting mixture was 
stirred at ambient temperature for 4 hours and then 
diethyl ether (75 mL) was added. The solids were 

30 collected by filtration, washing with diethyl ether, 
to give the title compound as an off-white solid 
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10 



(2.95 g, 99%). MS MIT calculated for C 21 H 22 0 5 N 2 SC1 : 
449, found 449. 



Example 86: Preparation of 4- [ [4- (phenylthio) 
phenyl] -sulfonyl] -N-hydroxy-4- 
piperidine-carboxamide, 
monohYd rochloride 




Part A: To a solution of the sulfone of 
part D, Example 79 (0.500 g, 1.25 mmol) in N,N- 
dimethylformamide (3.0 mL) were added thiophenol 
(0.154 mL, 1.50 mmol) and (0.518 g, 3.75 mmol). 

15 The resulting mixture was stirred at ambient 

temperature for 24 hours and then concentrated in 
vacuo. The residue was partitioned between H 2 0 and 
ethyl acetate. The organic layers were washed with 
saturated NaCl and dried over Na 2 S0 4 . Chromatography 

20 (on silica, ethyl acetate/hexane) provided the biaryl 
thioether as a clear sticky oil (0.480 g, 78%). 

Part B: To a solution of the biaryl 
thioether of part A ( 2.01 g, 4.09 mmol) in 
tetrahydrofuran (40 mL) was added potassium 

25 trimethylsilanolate (0.682 g, 5.31 mmol). The 

resulting mixture was stirred at ambient temperature 
for 23 hours and then concentrated in vacuo. The 
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residue was then suspended in dichloromethane (20 mL) 
then N-methylmorpholine (1.35 mL, 12.27 mmol) and 50% 
aqueous hydroxy lamine (0.265 mL, 4.50 mmol) were 
added, followed by PyBroP® (2.29 g, 4.91 mmol). The 
5 resulting mixture was stirred at ambient temperature 
for 16 hours and then concentrated in vacuo. The 
residue was partitioned between ethyl acetate and H 2 0. 
The organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . A portion of the sample was 

10 subjected to reverse phase chromatography (on silica, 
acetonitrile/H 2 0/trifluoroacetic acid) to give the 
hydroxamate as an off-white solid (0.190 g) . 

Part C: To a solution of the hydroxamate 
of part B (0.181 g, 0.367 mmol) in dioxane (5 mL) and 

15 methanol (1 mL) was added a solution of 4N HC1 in 

dioxane (3 mL) . The resulting mixture was stirred at 
ambient temperature for 3 hours and then concentrated 
in vacuo to give the title compound as an off-white 
solid (0.170 g, quantitative yield). MS MH* 

20 calculated for C ie H 21 0 4 N 2 S 2 : 393, found 393. 

Example 87: Preparation of 4- [ (hydroxyamino) - 

carbonyl] -4- [ [4- (phenyl thio) phenyl] - 
sulfonyl] -1-piperidineacetic acid, 
25 monohvdrochloridg 
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OH 



Part A: To a solution of the compound of 
Example 86 (0.322 g, 0.751 mmol) in acetonitrile (4.0 
5 mL) were added tert-butylbromoacetate (0.121 mL, 
0.751 mmol) and K 2 C0 3 (0.207 g, 1.50 mmol). The 
resulting mixture was stirred at ambient temperature 
for 18 hours, filtered through a pad of Celite®, 
washing with ethyl acetate, and the filtrate was 

10 concentrated in vacuo. Reverse phase chromatography 
(on silica, acetonitrile /H 2 0/trif luoroacetic acid) 
provided the tert-butyl ester as an off-white solid 
(0.150 g, 40%) . 

Part B: The tert-butyl ester of part A 

15 (0.145 g, 0.286 mmol) was treated with a solution of 
4N HC1 in dioxane (3.0 mL) . The resulting mixture 
was stirred at ambient temperature for 7 hours, 
diethyl ether was added and the precipitate was 
collected by filtration. Reverse phase 

20 chromatography (on silica, acetonitrile /H 2 0/HC1) 
provided the title compound as an off-white solid 
(0.060 g, 43%). MS MH + calculated for C 20 H 23 O 6 N 2 S 2 : 
451, found 451. 
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Example 88 : Preparation of 4- [ [4- (4 -chlorophenoxy) - 
phenyl] sulfonyl] -4- [ (hydroxyamino) - 
carbonyl] -1-piperidineacetic acid, 
monohvdrochloridfi 

5 




Part A: To a suspension of 4- 
bromopiperidine hydrobromide (40.0 g, 0.16 mol) in 

10 tetrahydrofuran (200 mL) was slowly added 

triethylamine (45.4 mL, 0.33 mol), followed by di- 
tert-butyl dicarbonate (37.4 g, 0.17 mol), which was 
added in several portions. The resulting mixture was 
stirred at ambient temperture for 17 hours then 

15 filtered and concentrated in vacuo. The solids were 
washed with hexanes and then collected by filtration 
to give the Boc-piperidine compound as an amber oil 
(45.8 g, >100%) . 

Part B: To a solution of 4-f luorophenol 

20 (25.0 g, 0.20 mol) in acetone (150 mL) , degassed with 
N 2 , was added Cs 2 C0 3 (79.7 g, 0.25 mol). After 
degassing the resulting mixture with N 2 for 5 minutes, 
the Boc-piperidine compound of part A (43.1 g, 0.16 
mol) was added. The resulting mixture was stirred at 

25 ambient temperature for 22 hours and then filtered 
through a pad of Celite®, washing with acetone. The 
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residue was washed with diethyl ether and the solids 
were collected by filtration to provide the sulfide 
as a yellow oil (47.6 g, 93%). 

Part C: To a solution of the sulfide of 
5 part B (47.3 g, 0.15 raol) in dichloromethane (350 
mL) , cooled to zero degrees Celsius, was added m- 
chloroperoxy-benzoic acid (80 g, 57-86%) . Additional 
dichloromethane (50 mL) was added and the mixture was 
stirred at zero degrees Celsius for 1 hour and then 

10 for 1.5 hours at ambient temperature. The reaction 
mixture was diluted with H 2 0 and aqueous sodium meta- 
bisulfite (4.0 g in 50 mL) was added. The mixture 
was concentrated in vacuo and then extracted with 
diethyl ether and ethyl acetate. The combined 

15 organic layers were washed with 10% NH 4 OH, saturated 
NaCl and dried over Na 2 S0 4 . Recrystallization from 
ethyl acetate provided the sulfone as a white solid 
(18.9 g, 36%) . 

Part D: To a solution of the sulfone of 

2 0 part C (8.00 g, 23.3 mmol) in N, N- dimethyl f ormamide 
(40 mL) were added 4-chlorophenol (3.59 g, 27.96 
mmol) and K 2 C0 3 (22.77 g, 69.90 mmol). The resulting 
mixture was heated at 60 degrees Celsius for 4 hours 
and then increased to 80 degrees Celsius for 7 hours. 

25 The reaction was cooled to ambient temperature and 

then concentrated in vacuo. To the residue was added 
H 2 0 (100 mL) and the solids were collected by 
filtration to give the biaryl ether as an off-white 
solid (10.5 g, 99%) . 

30 Part E: To a solution of the biaryl ether 

of part D (5.00 g, 11.1 mmol) in tetrahydrofuran (50 
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mL) , cooled to zero degrees Celsius, was added 
lithium bis (trimethylsilyl) amide (13.3 mL, 1M in 
tetrahydrofuran, 13.3 mmol) , at such a rate that the 
temperature of the reaction mixture never exceeded 2 
5 degrees Celsius. The resulting mixture was stirred 
at zero degrees Celsius for 30 minutes, then dimethyl 
carbonate (1.40 mL, 16.6 mmol) was slowly added at 
such a rate that the temperature of the reaction 
mixture never exceeded 2 degrees Celsius. The 

10 resulting mixture was then slowly permitted to warm 
to ambient temperature. 

After 17 hours, the reaction was recooled 
to zero degrees Celsius and additional lithium 
bis (trimethylsilyl) amide (5.50 mL, 1M in 

15 tetrahydrofuran, 5.50 mmol) was slowly added at a 

rate such that the temperature of the reaction never 
exceeded 2 degrees Celsius. After stirring for 30 
minutes, dimethyl carbonate (0.048 mL, 0.570 mmol) 
was added and stirring was continued at zero degrees 

20 Celsius for 45 minutes. Additional lithium 
bis (trimethylsilyl) amide (0.500 mL, 1M in 
tetrahydrofuran, 0.500 mmol) was slowly added and 
after 1 hour additional dimethyl carbonate (0.010 mL, 
0.119 mmol) was added. After stirring at zero 

2 5 degrees Celsius for 2 0 minutes, saturated NH 4 C1 was 
added and the reaction mixture was then concentrated 
in vacuo. The residue was diluted with H 2 0 and 
extracted with ethyl acetate. The combined organic 
layers were washed with saturated NaCl and dried over 

30 Na 2 S0 4 . Recrystallization from methanol provided the 
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methyl ester as a white crystalline solid (3.56 g, 
63%) . 

Part F: To a solution of the methyl ester 
of part E (3.54 g, 6,94 mmol) in dioxane (18 mL) and 
5 methanol (6 mL) was added a solution of 4N HC1 in 
dioxane (10 mL) . The resulting mixture was stirred 
at ambient temperature for 5 hours and then 
concentrated in vacuo to provide the amine as an off- 
white solid (3.10 g, quantitative yield). 

10 Part G: To a solution of the amine oZ part 

F (1.50 g, 3.36 mmol) in acetonitrile (15 mL) were 
added tert-butylbromoacetate (0.570 mL, 3.53 mmol) 
and K2C0 3 (1.16 g ; 8.40 mmol). The resulting mixture 
was stirred at ambient temperature for 3 hours, then 

15 filtered through a pad of Celite®, washing with ethyl 
acetate. The filtrate was concentrated in vacuo to 
provide the tert -butyl ester as a pale yellow oil 
(1.83 g f >100%) . 

Part H: To a solution of the tert -butyl 

20 ester of part G (1.76 g, 3.36 mmol) in 

tetrahydrofuran (15 mL) was added potassium 
trimethylsilanolate (0.475 g, 3.70 mmol). The 
resulting mixture was stirred at ambient temperature 
overnight (about 18 hours) and additional 

25 tetrahydrofuran (10 mL) was added. After stirring at 
ambient temperature overnight (about 18 hours) , 
additional potassium trimethylsilanolate (0.475 g, 
3.70 mmol) was added. The resulting mixture was 
stirred at ambient temperature for 4 hours then 

30 diluted with H 2 0. The reaction mixture was acidified 
(pH-7) with IN HC1 and then concentrated in vacuo. 
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The solids were washed with diethyl ether and then 
with H 2 0 to provide the acid as an off-white solid 
(0.597 g, 32%) . 

Part I : To a suspension of the acid of 
5 part H (0.597 g, 1.17 mmol) in dichloromethane (5 tnL) 
was added 2tf-methylmorpholine (0.386 mL, 3.51 mmol) 
and 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (0.151 
g, 1.29 mmol), followed by PyBroP® (0.655 g, 1.40 
mmol) . The resulting mixture was stirred at ambient 

10 temperature overnight (about 18 hours) and then 

concentrated in vacuo. The residue was partitioned 
between H 2 0 and ethyl acetate. The organic layer was 
washed with saturated NaCl and dried over Na 2 S0 4 . 
Chromatography (on silica, ethyl acetate/hexane) 

15 provided the protected hydroxamate as a white foam 
(0.510 g, 72%) . 

Part J: The protected hydroxamate of part 
I (0.510 g, 0.837 mmol) was treated with a solution 
of 42V HC1 in dioxane (10 mL) . The resulting mixture 

20 was stirred at ambient temperature for 24 hours, then 
diethyl ether (2 0 mL) was added and the solids were 
collected by filtration to provide the title compound 
as a white solid (0.370 g, 87%). MS MH + calculated 
for C 20 H 22 O 7 N 2 SCl : 469, found 469. 

25 

Example 89: Preparation of 4- [ [4- (4 -chlorophenoxy) - 
phenyl] sulfonyl] -N- hydroxy- 1- [2- (4- 
morpholinyl) ethyl] -4 -piperidine- 
carboxamide. dihy drochloride 

30 
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Part A: To a solution of the amine of part 
F, Example 88 (1.00 g, 2.24 mmol) in acetonitrile (10 
5 mL) were added 4- (2-chloroethyl) morpholine (0.438 g, 
2.35 mmol) and J^CO^ (1.24 g, 8.96 mmol). The 
resulting mixture was stirred at ambient temperature 
for 1.5 hours then a catalytic amount of Nal was 
added and stirring was continued at ambient 

10 temperature for 21 hours. The temperature of the 
reaction mixture was then increased to 60 degrees 
Celsius for 29 hours. After cooling to ambient 
temperature, the reaction mixture was filtered 
through a pad of Celite®, washing with ethyl acetate. 

15 The filtrate was concentrated in vacuo to provide the 
ester as an oily solid (1.15 g, 98%). 

Part B: To a solution of the ester of part 
A (1.15 g, 2.20 mmol) in tetrahydrofuran (10 mL) was 
added potassium trimethylsilanolate (0.579 g, 4.51 

20 mmol) . The reaction mixture was stirred at ambient 
temperature for 4 hours then additional 
tetrahydrofuran (10 mL) was added and stirring was 
continued at ambient temperature overnight (about 18 
hours) . The reaction mixture was diluted with H 2 0 (10 

25 mL) and acidified (pH-7) with IN HCl . The resulting 
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precipitate was collected by filtration to provide 
the acid as a gray solid (0.753 g, 72%) . 

Part C: To a suspension of the acid of 
part B (0.750 g, 1.47 tratiol) in dichloromethane (7 mL) 
5 were added N-methylmorpholine (0.500 mL, 4.55 mmol) , 
and 0- tetrahydro -2H-pyran- 2 -yl -hydroxyl amine (0.198 
g, 1.62 mmol), followed by PyBroP® (0.822 g, 1.76 
mmol) . The resulting mixture was stirred at ambient 
temperature for 24 hours then additional N- 

10 methylmorpholine (0.242 mL, 2.21 mmol), O-tetrahydro- 
2H-pyran-2-yl-hydroxylamine (0.052 g, 0.441 mmol) and 
PyBroP® (0.343 g, 0.735 mmol) were added. The 
resulting mixture was stirred at ambient temperature 
for 23 hours and then additional 0-tetrahydro-2H- 

15 pyran- 2 -yl- hydroxyl amine (0.017 g, 0.145 mmol) and 
PyBroP® (0.073 g, 0.157 mmol) were added. The 
resulting mixture was stirred at ambient temperature 
overnight (about 18 hours) and then concentrated in 
vacuo. The residue was partitioned between H 2 0 and 

20 ethyl acetate. The organic layer was washed with 

saturated NaCl and dried over Na 2 S0 4 . Chromatography 
(on silica, methanol /chlorof orm) provided the 
protected hydroxamate as an off-white solid (0.750 
g, 84%) . 

25 Part D: The protected hydroxamate of part 

C (0.73 0 g, 1.20 mmol) was treated with a solution of 
4N HC1 in dioxane (10 mL) and methanol (1 mL) . The 
resulting mixture was stirred at ambient temperature 
for 1 hour, then diethyl ether (20 mL) was added and 

30 the solids were collected by filtration to provide 
the title compound as a pale yellow solid (0.625 g, 
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87%). MS MH* calculated for C M H 31 O s NjSCl : 525, found 
525. 

Example 90: Preparation of 4- [ [4- (4-chlorophenoxy) - 
5 phenyl ] sul f onyl ] - N 4 - hydroxy- N 1 - ( 1 - 

methyl ethyl) -1 , 4-piperidine 
dicarboxamiriP 




H3C CH3 

10 

Part A: To a suspension of the amine of 
part F, Example 88 (0.600 g, 1.34 mmol) in 
dichloromethane (5 mL) were added triethylamine 
(0.411 mL, 2.95 mmol) and isopropyl isocyanate (0.198 

15 mL, 2.01 mmol) . The resulting mixture was stirred at 
ambient temperature for 2 hours then diluted with 
dichloromethane (50 mL) . The mixture was washed with 
H 2 0, saturated NaCl and dried over Na 2 S0 4 to give the 
urea as an off-white solid (0.670 g, >100%) . 

20 Part B: To a solution of the urea of part 

A (0.640 g, 1.29 mmol) in tetrahydrof uran (10 mL) was 
added potassium trimethylsilanolate (0.199 g, 1.55 
mmol) . The resulting mixture was stirred at ambient 
temperature for 17 hours at which time additional 

25 potassium trimethylsilanolate (0.015 g, 0.117 mmol) 
was added. The resulting mixture was stirred for an 
additional 24 hours then the tetrahydrof uran was 
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removed by blowing N 2 over the mixture. To a 
suspension of the residue in dichloromethane (5 mL) 
were added N-methylmorpholine (0.426 mL, 3.87 mmol) 
and 0-tetrahydro-2H-pyran-2-yl-hydroxylamine (0.181 
5 g, 1.55 mmol), followed by PyBroP® (0.902 g, 1.94 
mmol) . The resulting mixture was stirred at ambient 
temperature for 7 hours and then concentrated in 
vacuo. The residue was partitioned between H 2 0 and 
ethyl acetate. The organic layer was washed with 
10 saturated NaCl and dried over Na 2 S0 4 . Chromatography 
(on silica, ethyl acetate/hexane) provided the 
protected hydroxamate as an off-white solid (0.330 
g, 44%) . 

Part C: To a solution of the protected 
15 hydroxamate of part B (0.330 g, 0.569 mmol) in 
dioxane (3 mL) and methanol (1 mL) was added a 
solution of 4N HCl in dioxane (10 mL) . The resulting 
mixture was stirred at ambient temperature for 3.5 
hours then diethyl ether was added. The solids were 
20 collected by filtration to give the title compound as 
a white solid (0.259 g, 92%). MS MH* calculated for 
C 22 H 27 0 6 N 3 SC1 : 496, found 4 96. 



Example 91: Preparation of 4- [ (4' -chloro [1, 1' - 

biphenyl] -4-yl ) sulf onyl] -N-hydroxy-4- 
p jperidinecarhoxamide . monohydrochloride 
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Part A: To a solution of 4-bromothiophenol 
(16.98 g, 89.80 mmol) in acetone (200 mL) , degassed 
5 with N 2 , was added 10,0)3 (12.41 g # 89.80 mmol). After 
degassing the resulting mixture with N 2 for 5 minutes, 
the Boc-piperidine compound of part A, Example 8 8 
(21.57 g, 81.64 mmol) was added. The resulting 
mixture was stirred at ambient temperature for 19 

10 hours and then filtered through a pad of Celite®, 
washing with acetone. The residue was washed with 
diethyl ether and the solids were collected by 
filtration to provide the sulfide as a green oil 
(31.7 g, >100%) . 

!5 Part B: To a solution of the sulfide of 

part A (31.68 g, 81.64 mmol) in dichlorome thane (200 
mL) , cooled to zero degrees Celsius, was added m- 
chloroperoxybenzoic acid (56.35 g, 50-60%, 163.28 
mmol) . The resulting mixture became very thick, and 

20 additional dichloromethane (100 mL) was added. The 
mixture was stirred at zero degrees Celsius for 1.5 
hours and then at ambient temperature for 1.5 hours. 
The reaction mixture was diluted with H 2 0 (300 mL) and 
aqueous sodium meta-bisulf te (8.00 g, 42.08 mmol in 

25 50 mL of H 2 0) was added. The dichloromethane was 

removed in vacuo and the aqueous reaction mixture was 
extracted with ethyl acetate. The combined organic 
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layers were washed with 10% NH 4 OH, saturated NaCl and 
dried over Na 2 S0 4 . Concentration in vacuo provided 
the sulfone as a yellow oil (33.42 g, >100%) . 

Part C: To a solution of the sulfone of 
5 part B (7.80 g, 19.34 mmol) in tetrahydrofuran (100 
mL) , cooled to zero degrees Celsius, was added 
lithium bis (trimethylsilyl) amide (23.8 mL, 1M in 
tetrahydrofuran, 23.8 mmol) at such a rate that the 
temperature of the reaction never exceeded 2 degrees 

10 Celsius. After stirring at zero degrees Celsius for 
30 minutes a solution of methyl chlorof ormate (2.30 
mL, 29.8 mmol) in tetrahydrofuran (5 mL) was added at 
such a rate that the temperature of the reaction 
never exceeded 2 degrees Celsius. The resulting 

15 mixture was then slowly allowed to warm to ambient 

temperature. The mixture was diluted with saturated 
NH 4 C1 and the tetrahydrofuran was removed in vacuo. 
The aqueous layer was extracted with ethyl acetate. 
The combined organic layers were washed with 

20 saturated NaCl and dried over Na 2 S0 4 . Chromatography 
(on silica, ethyl acetate/hexane) provided the ester 
as a yellow solid (6.33 g, 69%). 

Part D: To a solution of the ester of part 
C (4.74 g, 10.28 mmol) in dimethoxyethane (50 mL) 

25 were added 4-chlorophenylboronic acid (1.77 g, 11.30 
mmol), aqueous Cs 2 C0 3 (25 mL, 2.0 M, 50.0 mmol) and 
tetrakis(triphenylphosphine) palladium (0) (1 g) . The 
resulting mixture was stirred at ambient temperature 
for 3 days. The reaction mixture was filtered 

30 through a pad of Celite®, washing with ethyl acetate, 
and the filtrate was concentrated in vacuo. 
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Chromatography (on silica, ethyl acetate/hexane) 
provided the biphenyl compound as an off-white solid 
(4.16 g, 82%) . 

Part E: To a solution of the biphenyl 
5 compound of part D (1.50 g, 3.04 mmol) in 
tetrahydrofuran (10 mL) was added potassium 
trimethylsilanolate (0.468 g, 3.65 mmol). The 
resulting mixture was stirred at ambient temperature 
for 1 hour, additional tetrahydrofuran (5 mL) was 

10 added and the reaction mixture was stirred at ambient 
temperature overnight (about 18 hours) . Additional 
tetrahydrofuran (15 mL) was added and the mixture was 
stirred for another 26 hours at ambient temperature. 
Additional potassium trimethylsilanolate (0.040 g, 

15 0.304 mmol) was added and the mixture was stirred at 
ambient temperature overnight (about 18 hours) and 
then the solvent was removed by blowing N 2 over the 
reaction mixture. 

To a suspension of the residue in 

20 dichloromethane (20 mL) were added added N- 

methylmorpholine (1.00 mL, 9.12 mmol), O-tetrahydro- 
2H-pyran-2-yl-hydroxylamine (0.427 g, 3.65 mmol), 
followed by PyBroP® (2.13 g, 4.56 mmol). The 
resulting mixture was stirred at ambient temperature 

25 for 24 hours and then concentrated in vacuo. The 

residue was partitioned between H 2 0 and ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 

30 a white solid (1.25 g, 71%). 
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Part F: To a solution of the protected 
hydroxamate of part E (1.25 g, 2.16 mmol) in dioxane 
(3 mL) and methanol (1 mL) was added a solution of 4itf 
HC1 in dioxane (10 mL) . The resulting mixture was 
5 stirred at ambient temperature for 3.5 hours, then 
diethyl ether (20 mL) was added. The solids were 
collected by filtration to give the title compound as ■ 
a white solid (0.900 g, 97%). MS MH* calculated for 
C ie H 20 O 4 N 2 SCl : 395, found 395. 

10 

Example 92: Preparation of N-hydroxy-4 - [ [4- 

( me thylphenyl amino) phenyl] sulfonyl] -4- 
piperjdipecarboxami rie , monohyHrochloride 



15 




Part A: To a solution of the ester of part 
C, Example 91 (1.00 g, 2.17 mmol) in toluene (4 mL) 
were added W-methylaniline (0.282 mL, 2.60 mmol), 
20 Cs 2 C0 3 (0.990 g, 3.04 mmol), 

tris (dibenzylideneacetone) -dipalladium (0) (0.018 g, 
0.02 mmol) and (R) - ( + ) -2 , 2 • - 

bis(diphenylphosphino)l,l'-binaphthyl (BINAP; 0.021 
g, 0.033 mmol) . The resulting mixture was heated to 
25 100 degrees Celsius for 20 hours. After cooling to 
ambient temperature, diethyl ether was added, the 
mixture was filtered through a pad of Celite®, 
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washing with diethyl ether, and the filtrate was 
concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexane) provided the aniline as a 
yellow sticky gum (0.930 g, 88%) . 
5 Part B: To a solution of the aniline of 

part A (0.930 g, 1.90 mmol) in tetrahydrof uran (10 
mL) was added potassium trimethylsilanolate (0.293 g, 
2.28 mmol) . The resulting mixture was, stirred at 
ambient temperature for 19 hours and then additional 

10 potassium trimethylsilanolate (0.024 g, 0.190 mmol) 
was added. After stirring at ambient temperature 
overnight (about 18 hours) the solvent was removed by 
blowing N 2 over the mixture. 

To a suspension of the residue in 

15 dichloromethane (10 mL) were added added N- 

methylmorpholine (0.627 mL, 5.70 mmol), O-tetrahydro- 
2H-pyran-2-yl-hydroxylamine (0.267 g, 2.28 mmol), 
followed by PyBroP® (1.33 g, 2.85 mmol). The 
resulting mixture was stirred at ambient temperature 

20 for 2 days and then concentrated in vacuo. The 

residue was partitioned between H 2 0 and ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the protected hydroxamate as 

25 a white solid (0.860 g, 79%) . 

Part C: To a solution of the protected 
hydroxamate of part B (0.890 g, 1.55 mmol) in dioxane 
(3 mL) and methanol (1 mL) was added a solution of AN 
HC1 in dioxane (5 mL) . The resulting mixture was 

30 stirred at ambient temperature for 1 hour, then 
diethyl ether (15 mL) was added. The solids were 
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collected by filtration to give the title compound as 
a white solid (0.529 g, 80%). MS MH + calculated for 
C 19 H 24 0 4 N 3 S: 390, found 390. 

5 Example 93: Preparation of 4- [ [4- (4-chlorophenoxy) - 

phenyl] sulfonyl] -N-hydroxy-4- 
piperidinecarippyamifle , mQnehydrQChlQr ide 



10 




Part A: To a suspension of resin I (4.98 
g, 5.87mmol) in 1 -methyl -2 -pyrrol idinone (45 mL) , in 
a peptide flask, were added the acid of part A, 

15 Example 83 (4.55 g, 11.74 mmol) , benzotriazole-l-yl- 
oxy-tris-pyrrolidino-phosphonim hexaf luorophosphate 
(6.11 g, 11.74 mmol) and N-methylmorpholine (2.58 mL, 
23.48 mmol) . The resulting mixture was agitated at 
ambient temperature for 14 hours. The resin was then 

20 collected by filtration, the filtrate was removed and 
set aside, and the resin was washed with N,N- 
dimethylformamide, H 2 0, N, N- dimethyl formamide, 
methanol, dichloromethane and finally with diethyl 
ether. The resin was dried in vacuo at ambient 

25 temperature to give the resin bound p-f luorosulf one 
as a yellow solid (6.72 g, 95%) . 
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The filtrate was diluted with H 2 0 and 
extracted with ethyl acetate. The aqueous layer was 
acidified (pH-2.0) with 2N HC1 and then extracted 
with ethyl acetate. The organic layer was washed 
5 with saturated NaCl and dried over Na 2 S0 4 . The 
resulting residue was dissolved in 1 -methyl -2- 
pyrrolidinone (40 mL) , the above resin was added, 
followed by N-methylmorpholine (1.50 mL, 13.64 mmol) 
and benzotriazole-l-yl-oxy-tris-pyrrolidino- 

10 phosphonim hexaf luorophosphate (3.05 g, 5.86 mmol). 
The resulting mixture was agitated at ambient 
temperature for 3.5 hours. The resin was then 
collected by filtration and washed with N,N- 
dimethylformamide, H 2 0, N, N- dimethyl formamide, 

15 methanol, dichlorome thane and finally with diethyl 
ether. The resin was dried in vacuo at ambient 
temperature to give the resin bound p-f luorosulfone 
as a pale orange solid (6.34 g, 89%). The loading 
(0.78 mmol/g) was determined by cleaving a small 

20 portion of the resin bound p-f luorosulfone with 95% 
trifluoroacetic acid/H 2 0. 

Part B: To a suspension of the resin bound 
p-f luorosulfone (0.700 g, 0.546 mmol) in 1 -methyl -2- 
pyrrolidinone (3 mL) was added p-chlorophenol (0.702 

25 g, 5.46 mmol) and Cs 2 C0 3 (1.78 g, 5.46 mmol). The 
resulting mixture was heated to 110 degrees Celsius 
for 13 hours. The resin was then collected by 
filtration and washed consecutively with IV, N- 
dimethyl formamide, H 2 0, N, tf-dimethyl formamide, 2N HC1, 

30 dimethyl formamide, methanol, and dichloromethane . 

The resulting resin was resubjected to the above 
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reaction conditions for 3 hours. The resin was then 
collected by filtration and washed consecutively with 
W,2^dimethylformamide, H 2 0, N, N- dimethyl formamide, 2N 
HCl, N,N-dimethyl formamide, methanol, and 
5 dichloromethane. The solid was dried in vacuo at 
ambient temperature to provide the resin bound 
hydroxamate as an orange solid (0.692 g, 91%). 

Part C: The resin bound hydroxamate of 
part B (0.692 g, 0.540 mmol) was treated with 95% 

10 trifluoroacetic acid/H 2 0 (3 mL) for 1 hour at ambient 
temperature. The resin was filtered and washed with 
95% trifluoroacetic acid/H 2 0 (3 mL) and then 
dichloromethane (2x 3 mL) . The filtrate was then 
evaporated. Reverse phase chromatography (on silica, 

15 acetonitrile/H 2 0/ trifluoroacetic acid) provided the 
hydroxamate. The resulting solid was dissolved in 
acetonitrile (5 mL) and H 2 0 (0.5 mL) and treated with 
concentrated HCl. The resulting mixture was stirred 
at ambient temperature for 5 minutes and the 

L0 concentrated in vacuo to provide the title compound 
as an off-white solid (0.220 g, 91%). MS MH* 
calculated for C 18 H 20 O 5 N 2 SCl : 411, found 411. 



Example 94: Preparation of Tetrahydro-N-hydroxy-4- 
[ (4-phenoxyphenyl) sulf onyl] -2H-pyran- 
4-carboxamid^ 
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Part A: To a stirred solution of the 
methyl ester compound of Example 55, part C, (0.96 g, 
3.2 mmol) in N,N-dimethylf ormamide (30 mL) was added 
5 phenol (0.3 g, 3.2 mmol), followed by cesium 
carbonate (3.2 g, 10 mmol). The resulting 
composition was heated to 70 degrees Celsius for 5 
hours. The solution remained at ambient temperature 
for 18 hours, was diluted with H 2 0 and extracted with 

10 ethyl acetate. The organic layer was washed with 
half -saturated NaCl and dried over sodium sulfate. 
The solvent was removed by rotary evaporation to 
yield the desired phenoxy compound (1.1 g, 92%) . 

Part B: Sodium hydroxide (1 g, 25 mmol) 

15 was added to a solution of the phenoxy compound of 
part A (1.1 g, 2.9 mmol) in THF (10 mL) and ethanol 
(10 mL) . The resulting solution was stirred at 
ambient temperature for 1 hour. The solution was 
then heated to 80 degrees Celsius for 1 hour. The 

2 0 solvent was removed by rotary evaporation and the 

resulting sodium salt was acidified with 1 N HC1 (50 
mL) and extracted with ethyl acetate. The organic 
layer was dried over Na 2 S0 4 . The solvent was removed 
by rotary evaporation to yield the desired phenoxy 
25 carboxylic acid (1.1 g, 99%). 

Part C: To a stirred solution of the 
phenoxy carboxylic acid of part B (1.1 g, 3 mmol) in 
DMF (7 mL) was added N-hydroxybenzotriazole-H 2 0 (0.623 
g, 4.6 mmol), followed by 1- [3- 

3 0 (dimethylamino) propyl] -3 -ethylcarbodiimide 

hydrochloride (0.634 g, 3.3 mmol). After 10 minutes, 
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a 50% aqueous hydroxy lamine solution was added (2 mL, 
30 mmol) and the solution was stirred at ambient 
temperature for 18 hours. The solution was diluted 
with saturated sodium bicarbonate and extracted with 
5 ethyl acetate. The organic layer was washed with H 2 0 
and followed by half -saturated NaCl and then dried 
over Na 2 S0 4 . Reverse phase chromatography (on silica, 
acetonitrile/H 2 0) provided the title compound as a 
white solid (0.37 g, 33%). HRMS (ES*) MH* for C 1B H l9 NO s S 
10 378.1011. Found: 378.0994. 



15 



Example 95: Preparation of Tetrahydro-N-hydroxy-4- 
1 14- (phenyl thio) phenyl] sulfonyl] -2H- 
pyr an - 4 - c arboxamj de 




Part A: To a stirred solution under a 
nitrogen atmosphere of the methyl ester of Example 

20 55, part C, (1.02 g, 3.4 mmol) in N,N- 

dimethylformamide (20 mL) was added thiophenol (0.37 
g, 3.4 mmol), followed by cesium carbonate (3.3g, 
10.1 mmol) and the solution was heated to 70 degrees 
Celsius for 17 hours. The solution remained at 

25 ambient temperature for 1 hour, was diluted with H 2 0 
and extracted with ethyl acetate. The organic layer 
was washed with half-saturated NaCl and dried over 
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Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexane) provided the S-phenyl compound (0.6 
9, 41%) . 

Part B: To a stirred solution of the S- 
5 phenyl compound of part A (0.6 g, 1.4 mmol) in THF 
(10 inL) and ethanol (10 mL) was added NaOH (0.8 g, 20 
mmol) . The solution was heated to 80 degrees Celsius 
for 1 hour. The solution remained at ambient 
temperature for 18 hours. The solvent was removed by 

10 rotary evaporation, the resulting sodium salt was 

acidified with 1 N HC1 (25 mL) , extracted with ethyl 
acetate, and the organic layer was dried over sodium 
sulfate. The solvent was removed by rotary- 
evaporation to yield the desired S-phenyl carboxylic 

15 acid (0.6 g, quantitative yield) . 

Part C: To a stirred solution of the S- 
phenyl carboxylic acid of part B (0.6 g, 1.5 mmol) in 
DMF (6 mL) was added N-hydroxybenzotriazole-H 2 0 (0.30 
g, 2.2 mmol), followed by 1- [3- (dimethylamino) - 

20 propyl] -3 -ethylcarbodiimide hydrochloride (0.32 g, 
1.6 mmol). After 10 minutes, a 50% aqueous 
hydroxylamine solution was added (1.5 mL, 22 mmol) 
and the solution was stirred at ambient temperature 
42 hours. The solution was diluted with saturated 

25 sodium bicarbonate and extracted with ethyl acetate. 
The organic layer was washed with H 2 0, followed by 
half -saturated NaCl and dried over sodium sulfate. 
Reverse phase chromatography (on silica, 
acetonitrile/H 2 0) provided the title compound as a 

30 white solid (0.15 g, 26%). HRMS (ES + ) MH* for C 18 H l9 NO s S 2 
394.0783. Found: 394.0753. 
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Example 96: Preparation of 4- [ [4- (3, 4-dimethyl- 

phenoxy) phenyl] sulfonyl] tetrahydro-N- 
hyflrpxY- 2H-pyr^n - 4 z carbpxanucte 




o 



Part A: To a stirred solution of the 
methyl ester Example 55, part C, (1.04 g, 3.3 mmol) 

10 in N,N- dimethyl formamide (30 rtiL) was added 3,4- 

dimethylphenol (0.4g, 3.3 mmol), followed by cesium 
carbonate (3.2 g, 10 mmol). The resulting solution 
was heated to 88 degrees Celsius for 5 hours. The 
solution was concentrated by rotary evaporation, 

15 diluted with H 2 0 and extracted with ethyl acetate. 

The organic layer dried over MgS0 4 . The solvent was 
removed by rotary evaporation to yield the desired 
dime thy lphenoxy compound (1.2g, 91%). 

Part B: To a solution of the 

20 dime thy lphenoxy compound of part A (1.2 g, 3 mmol) in 
THF (10 mL) and ethanol (10 mL) was added NaOH (1 g, 
25 mmol) . The resulting solution was heated to 80 
degrees Celsius for 1 hour. The solvent was removed 
by rotary evaporation, the resulting sodium salt was 

25 acidified with 1 N HC1 (50 mL) and extracted with 
ethyl acetate. The organic layer was dried over 
sodium sulfate. The solvent was removed by rotary 
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evaporation to yield the desired dimethylphenoxy 
carboxylic acid (1.2 g, quantitative yield). 

Part C: To a stirred solution of the 
dimethylphenoxy carboxylic acid of part B (1.2 g, 3 
5 nimol) in DMF (7 mL) was added N-hydroxybenzotriazole- 
H 2 0 (0.623 g, 4.6 mmol) , followed by 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (0.634 g, 3.3 mmol). After 10 minutes, 
a 50% aqueous hydroxy lamine solution was added (2 mL, 

10 30 mmol) and the solution was stirred at ambient 

temperature 18 hours. The solution was diluted with 
saturated sodium bicarbonate and extracted with ethyl 
acetate. The organic layer was washed with H 2 0 and 
followed half -saturated NaCl and dried over Na 2 S0 4 . 

15 Reverse phase chromatography (on silica, 

acetonitrile/H 2 0) provided the title compound as a, 
white solid (0.52 g, 43%). HRMS (ES + ) MH + for C 20 H 23 NO S S 
406.1324. Found: 406.1302. 

20 Example 97: Preparation of Tetrahydro-N- hydroxy- 4- 

[ [4- [ ( 6 -methyl- 3 -pyridinyl) oxy] phenyl] - 
sul f onyl ] - 2H-pyran- 4 - carboxamide , 
monohvdrochloride 




25 O 
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Part A: To a stirred solution of the 
methyl ester of Example 55, Part C, (1.02 g, 3.4 
mmol) in N,N-dimethylformamide (20 mL) was added 5- 
hydroxy- 2 -methyl -pyridine (0.54g, 5 mmol), followed 
5 by cesium carbonate (3.2g, 10 mmol). The resulting 
solution was heated to 70 degrees Celsius for 5 
hours. The solution remained at ambient temperature 
for 4 days, then was diluted with H 2 0 and extracted 
with ethyl acetate. The organic layer was washed 

10 with half -saturated NaCl and dried over sodium 
sulfate. The solvent was removed by rotary 
evaporation to yield a heavy oil from which the 
desired white methyl pyridine compound crystallized 
at ambient temperature in vacuo (1.2 g, 94%). 

!5 Part B: To a solution of the methyl 

pyridine compound of part A (1.2 g, 3.2 mmol) in THF 
(13 mL) was added potassium trimethylsilanoate (0.5 
g, 3.5 mmol) . The resulting solution was stirred at 
ambient temperature for 18 hours, during which time a 

20 gel formed. The solvent was removed by rotary 

evapotation to yield the desired methyl pyridine 
carboxylic acid (1.4g, quantitative yield). 

Part C: To a stirred solution of the 
methyl pyridine carboxylic acid of part B (1.4 g, 3.2 

25 mmol) in methylene chloride (10 mL) was added bromo- 
t r i s - pyrrol i dino - phosphonium hexa f luorophosphat e 
(1.79 g, 3.8 mmol), followed by 4-methylmorpholine 
(0.97 g, 9.6 mmol), followed by 0-tetrahydro-2H- 
pyran-yl-hydroxylamine (0.41 g, 3.5 mmol) and the 

3 0 solution was stirred at ambient temperature for 1.5 
hours. The solution was filtered to remove a 
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precipitate and the solvent was removed by rotary 
evaporation. Chromatography (on silica, ethyl 
acetate/hexane) provided the O-tetrahydropyran methyl 
pyridine as a white solid (1.48 g, 97%). 
5 Part D: Methanol (3 mL) was added to a 

stirred solution of the O-tetrahydropyran methyl 
pyridine of part c (1.48 g, 3.1 mmol) in 4 N HCl in 
dioxane (5 mL) . The solution was stirred at ambient 
temperature for 3 hours and poured into ethyl ether. 
10 The resulting precipitate was collected by vacuum 

filtration. Reverse phase chromatography (on silica, 
acetonitrile/HjO/HCl) provided the title compound as a 
white solid (0.64 g, 53%). HRMS (ES*) MH* for C 18 H 20 N 2 O 6 S 
393.1120. Found: 393.1110. 

15 

Example 98: Preparation of Tetrahydro-N-hydroxy-4- 
[ [4- [ ( 6 -methyl -2 -pyridinyl ) oxy] phenyl] - 
sui f on Y 1 1 - 2H - pyrgn - 4 - carboy ami de 



20 O 

Part A: To a stirred solution of the 
methyl ester of Example 55, part C, (1.0 g, 3.3 mmol) 
in N,N-dimethylformamide (20 mL) was added 2 -hydroxy - 
25 6-methyl-pyridine (0.54 g, 5 mmol), followed by 
cesium carbonate (3.2g, 10 mmol). The resulting 
solution was heated to 70 degrees Celsius for 5 
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hours. The solution remained at ambient temperature 
for 11 hours, at which time additional 2 -hydroxy- 6- 
methyl -pyridine (0.3 g, 2.7 mmol) was added to the 
stirred solution and the resulting solution was 
5 heated to 70 degrees Celsius for 3 hours. The 
solution was concentrated by rotary evaporation, 
diluted with saturated NaCl in H 2 0 and extracted with 
ethyl acetate. The organic layer was dried over 
sodium sulfate. The solvent was removed by rotary 

10 evaporation and chromatography (on silica, ethyl 
acetate/methanol) provided the desired methyl 
pyridine as a white solid (0.63 g, 49%). 

Part B: To a solution of the methyl 
pyridine compound of part A (0.63 g, 1.6 mmol) in THF 

15 (13 mL) was added potassium trimethylsilanoate (0.5 
g, 3.5 mmol). The resulting solution was stirred at 
ambient temperature for 18 hours. The precipitate 
that formed was removed by filtration, washed with 
methylene chloride and dried in vacuo to provide the 

20 methyl pyridine carboxylic acid potassium salt (0.4 
g, 55%) . 

Part C: To a stirred solution of the 
methyl pyridine carboxylic acid potassium salt of 
part B (0.4 g, 0.9 mmol) in N,N-dimethylf ormamide (5 

25 mL) was added bromo-tris -pyrrol idino-phosphonium 

hexafluorophosphate (0.5 .g, 1 mmol), followed by 4- 
methylmorpholine (0.27 g, 2.6 mmol), followed by a 
50% aqueous hydroxylamine solution (0.6 mL, 9 mmol). 
The resulting solution was stirred at ambient 

3 0 temperature 32 hours. The solution was concentrated 
by rotary evaporation and reverse phase 
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chromatography (on silica, acetonitrile/H 2 0) provided 
the title compound as a white solid (0.162 g, 47%). 
HRMS (ES + ) MH* for C 18 H 20 N 2 O 6 S 393.1120. Found: 
393.1119. 

5 

Example 99: Preparation of tetrahydro-N- hydroxy- 4- 

t [4- [4- (lH-imidazol-l-yl)phenoxy] phenyl] - 
sul f onyl ] -2H-pyran- 4 - carboxamide , 
monohydr ochl or i j g 

10 




Part A: To a solution of the THP 
pyranfluoro compound of Example 55, part C, (2.0 g, 

15 5.2 mmol ) in N,N-dimethylacet amide (6 mL) was added 
4- (1,3 -imidazole) phenol (12.9 g, 33.3 mmol), followed 
by cesium carbonate (32.5 g, 99.9 mmol). The 
reaction was heated at 65 degrees Celsius for twelve 
hours. Removing the dimethylacetamide in vacuo 

20 afforded a brown solid. Reverse phase chromatography 
(on silica, acetonitrile/water) gave the THP- 
protected product in solution. 

Part B: A solution of 10% HCl aq (100 mL) 
was slowly added to the solution of the crude THP- 

25 protected product from A in acetonitrile/water (100 
mL) . After stirring overnight (about 18 hours) , the 
acetonitrile was removed. The resultant precipitate 
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was collected, giving the title compound as a brown 
solid (6.0 g, 41%). MS (FAB) NTH calculated for 
CaiAiNjOgSi : 444, found 444. 

5 Example 100: Preparation of 4- [ [4- (4-chlorophenoxy) - 
phenyl] sulfonyl] -tetrahydro-N-hydroxy- 
2H-PYran-4-carbQxamicte 




O 

10 

Part A: To a stirred solution of the THP 
pyranfluoro compound of Example 55, Part C, (2.9 g, 
7.5 mmol) in N, N- dime thy Iformamide (15 mL) was added 
p-chloro-phenol (1.93 g, 15 mmol), followed by cesium 

15 carbonate (7.3 g, 22.5 mmol). The resulting 

composition was heated to 90 degrees Celsius for 1.5 
hours. The solution remained at ambient temperature 
for 18 hours with stirring, and dimethyl formamide (2 0 
mL) was added to the stirred solution, followed by 

20 cesium carbonate (2 g, 6.2 mmol) . The resulting 
composition was heated to 95 degrees Celsius for 3 
hours. The solution then remained at ambient 
temperature 20 hours, at which time it was diluted 
with H 2 0 and extracted with ethyl acetate. The 

25 organic layer was washed with half -saturated NaCl and 
dried over sodium sulfate. The solvent was removed 
by rotary evaporation. Chromatography (on silica, 
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10 



15 



20 



ethyl acetate/hexane) provided the p-chloro 
phenoxyphenyl THP-protected hydroxamate compound (2.9 
g, 78%) . 



phenoxyphenyl THP-protected hydroxamate compound of 
part A (2.9 g, 5.7 mmol) in dioxane (5 mL) was added 
4N HC1 in dioxane (5 mL, 2 0 mmol) , followed by 
methanol (7.5 mL) . The resulting solution was stirred 
at ambient temperature for 1 hour. The solvent was 
removed by rotary evaporation. Reverse phase 
chromatography (on silica, acetonitrile/H 2 0) provided 
the title compound as a white solid (1.35 g, 58%) . MS 
(FAB) MH* for C 18 H 18 NO e SCl 412. Found: 412. 

Example 101: Preparation of 4- [ [4- (3 -chlorophenoxy) - 
phenyl] sulfonyl] tetrahydro-N-hydroxy- 
2H-Dvran-4-carboxamiHp 



pyranfluoro compound of Example 55, Part C, (5.0 g, 
13 mmol) in N,N- dimethyl formamide (20 mL) was added 
p-chloro-phenol (5 g, 39 mmol) , followed by cesium 
carbonate (17 g, 52 mmol) . The resulting solution 
was heated to 95 degrees Celsius for 7 hours. The 
solution was maintained at ambient temperature for 7 



Part B: To a solution of the p-chloro 




Part A: To a stirred solution of the THP 
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hours, diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was washed with half- 
saturated NaCl and dried over sodium sulfate. The 
solution was concentrated by rotary evaporation. 
5 Chromatography (on silica, ethyl acetate/hexane) 
provided the m-chloro phenoxyphenyl THP-protected 
hydroxamate compound (5.2 g, 82%). 

Part B: To a solution of the m-chloro 
phenoxyphenyl THP-protected hydroxamate compound of 

10 part A (5.2 g, 10 mmol) in dioxane (5 mL) was added 
4N HC1 in dioxane (5 mL, 2 0 mmol) , followed by 
methanol (10 mL) . The resulting solution was stirred 
at ambient temperature for 1 hour. The solvent was 
removed by rotary evaporation to provide the title 

15 compound as a white solid (3.4 g, 79%). HRMS (ES + ) M + 
NH 4 * f or C 18 H 18 N0 6 SC1 429.0887. Found: 429.0880. 

Example 102: Preparation of methyl 4- [4- 

[ (tetrahydro-4- [ (hydroxy ami no) carbonyl] - 
20 2H-pyran-4-yl] sulfonyl] - 

phenoxvl benzenepropanoate 




Part A: To a stirred solution of the THP 
pyranfluoro compound of Example 55, part C, (5.0 g, 
13 mmol) in N,N-dimethylformamide (45 mL) was added 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-476- 

methyl 3- (4-hydroxyphenyl) -propanoate (7 g, 39 mmol) , 
followed by cesium carbonate (17 g, 52 mmol) . The 
resulting composition was heated to 95 degrees 
Celsius for 7 hours. The solution then remained at 
5 ambient temperature for 7 hours. The solution was 
thereafter diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was washed with half- 
saturated NaCl and dried over sodium sulfate. The 
solution was concentrated by rotary evaporation. 

10 Chromatography (on silica, ethyl acetate/hexane) 
provided the methyl propanoate phenoxyphenyl THP- 
protected hydroxamate compound (5.6 g, 79%). 

Part B: To a solution of the methyl 
propanoate phenoxyphenyl THP-protected hydroxamate 

15 compound of part A (5.6 g f 10 mmol) in methanol (5 

mL) was added 4N HC1 in dioxane (5 mL, 2 0 mmol) . The 
resulting solution was stirred at ambient temperature 
for 0.5 hours. The solvent was removed by rotary 
evaporation. The residue was dissolved in methylene 

20 chloride/ethyl acetate and the compound precipitated 
with hexane. The precipitate was washed with hexane 
and dried in vacuo to provide the title compound as a 
white solid (3.8 g, 80%). HRMS (ES + ) M * f or C 22 H 25 NO B S 
464.13 8. Found: 464.135. 

25 

Example 103 : Preparation of 4- [ [4- [ (4-f luorophenyl) - 
thio] phenyl] sulf onyl] tetrahydro-N- 
hydrgpcy^2H'Py^n-4-c^yboxamide 
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O 



Part A: To a stirred solution under a 
nitrogen atmosphere of the THP pyranfluoro compound 
5 of Example 55, part C, (2.9 g, 7.5 mmol) in N, N- 

dimethylformamide (25 mL) was added cesium carbonate 
(4.9 g, 15 mmol), followed by 4-f luoro-thiophenol 
(1.9 g, 15 mmol) . The resulting composition was 
heated to 95 degrees Celsius for 7 hours. Cesium 

10 carbonate was added (1.2 g, 3.8 mmol) after 1 hour of 
heating and again at two hours. The solution 
remained at ambient temperature for 9 hours, was 
concentrated by rotary evaporation, diluted with H 2 0 
containing 30% brine and extracted with ethyl 

15 acetate. The organic layer was washed with half- 
saturated NaCl and dried over sodium sulfate. The 
solution was concentrated by rotary evaporation. 
Chromatography (on silica, ethyl acetate/hexane) 
followed by reverse phase chromatography 

20 (acetonitrile/H 2 0) provided the p-f luoro-phenyl-S- 
phenyl THP-protected hydroxamate compound (1.9 g, 
55%) . 

Part B: To a solution of the p-fluoro- 
phenyl-S -phenyl THP-protected hydroxamate compound of 
25 part A (1.9 g, 4 mmol) in methanol (5 mL) was added 
4N HC1 in dioxane (5 mL, 20 mmol. The resulting 
solution was stirred at ambient temperature for 0.5 
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hours . The solvent was removed by rotary 
evaporation, the residue was dissolved in methylene 
chloride and precipitated with hexane. The 
precipitate was and dried in vacuo to provide the 
5 title compound as a white solid (1.5 g, 89%). HRMS 

(ES + ) M+NH 4 * for C 18 H 1B N0 5 S 2 F 429.0954. Found: 429.0948. 

Example 104: Preparation of Tetrahydro-N-hydroxy-4- 
[ [4- (4 -pyridinylthio) phenyl] sulfonyl] - 
0 2H-pyran-4 -carboxamide , 

monohvdrochloride 




O 



15 Part A: To a stirred solution of the THP 

pyranfluoro compound of Example 55, Part C, (2.9 g, 
7.5 mmol) in N ,N- dimethyl formamide (20 mL) was added 
potassium carbonate (2.6 g, 19 mmol), followed by 4- 
mercaptopyridine (1.7 g, 15 mmol). The resulting 

20 composition was heated to 75 degrees Celsius for 5 
hours. Potassium carbonate was added (0.26 g, 1.9 
mmol) after 1 hour of heating and again at two hours. 
The solution remained at ambient temperature for 14 
hours. The solution was concentrated by rotary 

25 evaporation, diluted with H 2 0 containing 30% brine and 
extracted with ethyl acetate. The organic layer was 
washed with half -saturated NaCl and dried over Na 2 S0 4 . 
The solution was concentrated by rotary evaporation. 
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Chromatography (on silica, ethyl acetate/hexane) 
provided the mercaptopyridine THP-protected 
hydroxama t e compound (1.29, 33%). 

Part B: To a solution of the 
5 mercaptopyridine THP-protected hydroxamate compound 
of part A (1.2 g, 2.5 mmol) in acetonitrile (20 mL) 
was added 12.5 N HC1 (0.4 mL, 5 mmol), followed by 
methanol (3 mL) . The resulting solution was stirred 
at ambient temperature for 1 hour. The precipitate 
10 was filtered, washed with methanol followed by ethyl 
ether and dried in vacuo to provide the title 
compound as a white solid (0.92 g, 86%). HRMS (ES + ) 
M+NH 4 * for C 17 H la N 2 0 5 S 2 395.0735. Found: 395.0734. 

15 Example 105: Preparation of 4- [4 - [ [tetrahydro- 

4- [ (hydroxyamino) carbonyl] -2H- 
pyran-4-yl] sulf onyl] phenoxy] 
bsnzsnsprppanoic ^qid 




20 O 

Part A: To a stirred solution of the title 
compound of Example 102 (0.1 g, 0.2 mmol) in methanol 
(0.5 mL) was added aqueous 1 M Li(0H) 2 (0.43 mL, 0.43 
25 mmol) . After standing at ambient temperature 24 
hours, the solution was refluxed 20 hours. The 
solution was lyophilized to dryness and reverse phase 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-480- 



chromatography provided the title compound as a white 
solid (9 mg, 9%). MS (FAB) M+Li * f or C 21 H 23 N0 8 S 456. 
Found: 456. 



5 Example 106: Preparation of Tetrahydro-N-hydroxy- 

4- [ [4- [ [1- (2-propynyl) -4-piperidinyl] - 
oxy] phenyl] sulfonyl] -2H-pyran-4- 
c^rboxamide, monohvdrochloride 



10 




15 



20 



25 



Part A: To a heat dried three-neck flask 
under a nitrogen atmosphere was added NaH (1.59g of 
60%, 4 0 mmol) slurried in N, N-dimethylf ormamide (50 
mL) . The slurry was chilled to zero degrees Celsius 
using an ice bath and N-Boc- 4 -hydroxy piperidine was 
added (8 g, 40 mmol) followed by a N,N- 
dime thy If ormamide rinse (10 mL) . The ice bath was 
removed and the stirred solution permitted to reach 
ambient temperature over two hours. The stirred 
solution was again chilled to zero degrees Celsius 
and the methyl ester compound of Example 55, part C, 
(10 g, 3 3 mmol) dissolved in N,N~ dime thy If ormamide 
(40 mL) was added. The ice bath was removed and the 
solution stirred at ambient temperature 4 8 hours. 
The solution was concentrated by rotary evaporation. 
The solution was diluted with H 2 0 and extracted with 
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ethyl acetate. The organic layer was dried over 
sodium sulfate. After chromatography (on silica, 
ethyl acetate/hexane/methanol) , the crude N-Boc 
methyl ester was treated with 1 N HC1 in methanol. 
5 The solvent was removed by rotary evaporation. The 
residue was then dissolved in acetonitrile (21 mL) to 
which H 2 0 was added (21 mLs) . Reverse phase 
chromaatography (on silica, acetonitrile/H 2 0) afforded 
the purified piperidine methyl ester as the HC1 salt 
10 (4.9g, 35%) . 

Part B-. To a stirred suspension of the 
piperidine methyl ester HC1 salt of part A (1.8 g, 4 
mmol) in acetonitrile (24 mL) and was added potassium 
carbonate (1.8 g, 13 mmol), followed by propargyl 

15 bromide (0.58 mL of 80% solution, 5.2 mmol). The 
mixture was stirred at ambient temperature for 18 
hours. The solution was concentrated by rotary 
evaporation, diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was dried over Na 2 SO« and 

20 concentrated by rotary evaporation. Chromatography 
(on silica, methylene chloride/methanol) provided the 
propargyl piperidine methyl ester compound (1.1 g, 
63%) . 

Part C: To a solution of the propargyl 
25 piperidine methyl ester compound of part B (1.1 g,2.7 
mmol) in THF (3 mL) was added potassium 
trimethylsilanoate (0.57 g, 4 mmol). After 5 
minutes, THF was added (12 mL) , followed by a second 
addition of THF (15 mL) after 10 more minutes. The 
resulting solution was stirred at ambient temperature 
for 18 hours, during which a gel formed. The solvent 
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was removed by rotary evaporation, and the residue 
was diluted with H 2 0 and washed with ethyl acetate. 
The aqueous layer was acidified and chroma tographed 
(on silica, acetonitrile/H 2 0) to provide the desired 
5 propargyl piperidine carboxylic acid after 
lyophilization (0.64 g, 59%). 

Part D: To a stirred solution of propargyl 
piperidine carboxylic acid of part C (0.64 g, 1.6 
mmol) in N, N-dimethylf ormamide (5 mL) was added 1- 

10 hydroxybenzotriazole (0.3 g, 2.3 mmol), followed by 
1- [3- (dimethyl amino) propyl] -3-ethylcarbodiimide 
hydrochloride (0.33 g, 1.7 mmol), followed by O- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (0.57 g, 4.8 
mmol) . The solution was stirred at ambient 

15 temperature 42 hours, concentrated by rotary 

evaporation, diluted with H 2 0 and extracted with ethyl 
acetate. The organic layer was washed with saturated 
sodium bicarbonate, followed by brine and dried over 
Na 2 S0 4 . The solution was concentrated by rotary 

20 evaporation and chromatographed on reverse phase (on 
silica, acetonitrile/H 2 0) to provide the title 
compound as a white solid upon lyophilization (0.2 
g, 30%). HRMS (ES*) MH* for C 20 H 26 N 2 O 6 S 423.159. Found: 
423.159. 

25 

Example 107: Preparation of 4- [ [4- [ (1-acetyl- 
4 -piper idinyl ) oxy ] phenyl ] - 
sulf onyl] tetrahydro-N-hydroxy- 
2H-PVran-4-cai-bo:x*Tnir?g 

30 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-483- 




O 



Part A: Acetic anhydride (1.7 g, 16 mmol) 
was added to a stirred suspension of the piperidine 
5 methyl ester HC1 salt of Example 106, part A, (1.8 
g, 4 mmol) in pyridine (2 mL) . The mixture was 
stirred at ambient temperature for 20 minutes. The 
solution was concentrated by rotary evaporation and 
chromatographed (on silica, ethyl acetate/methanol) 

10 to provide the acetyl piperidine methyl ester 
compound (1.5 g, 83%). 

Part B: To a solution of the acetyl 
piperidine methyl ester compound of part A (1.5 g, 
3.3 mmol) in THF (5 mL) was added potassium 

15 trimethylsilanoate (0.86 g, 6 mmol) . After 5 

minutes, THF was added (15 mL) , followed by a second 
addition of THF (15 mL) after 10 more minutes. The 
resulting solution was stirred at ambient temperature 
for 18 hours. The precipitate was isolated by 

20 filtration to provide the desired acetyl piperidine 
carboxylic acid (1.5 g, 98) . 

Part C: To a stirred solution of acetyl ' 
piperidine carboxylic acid of part B (0.9 g, 2 mmol) 
in dimethylacetamide (5 mL) was added bromo-tris- 

25 pyrrol idino-phosphonium hexaf luorophosphate (1 g, 2.3 
mmol), followed by 4-methylmorpholine (0.6 g, 6 
mmol), followed by aqueous 0-tetrahydro-2H-pyran-2- 
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yl -hydroxy lamine (1.5 mL, 23 mmol) and the solution 
was stirred at ambient temperature 48 hours. 
Reverse-phase chromatography (on silica, 
H 2 0/acetonitrile) provided title compound as a white 
5 solid (0.1 g, 12%). MS (FAB) MH* for C 19 H 26 N 2 0 7 S 427. 
Found: 427. 

Preparation of 4- [ [4- (3-chloro-4- 
fluorophenoxy) phenyl] sulfonyl] - 
tetrahydro-N-hydroxy-2H- 
PY37an-4 -raybox^midf> 




O 



15 Part A: To a stirred solution of the THP 

pyranfluoro compound of Example 55, part C, (3.2 g, 
7.7 mmol ) in N, N-dimethylacetamide (15 mL) was added 
the 3-chloro-4-f luorophenol (1.7 mL, 12 mmol), 
followed by cesium carbonate (5 g, 15.5 mmol). The 

20 reaction was heated at 95 degrees Celsius for 2 

hours. Cesium carbonate (2.5 g, 8 mmol) was added, 
and the reaction was heated at 95 degrees Celsius for 
6 hours. The solution remained at ambient 
temperature for 8 hours. The crude reaction was then 

25 filtered to remove the cesium chloride and 

precipitated product. The filter cake was suspended 
in H 2 0 and acidified with HCl to pH=6. After foaming 



Example 108: 

10 
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ceased, the precipitate was removed by filtration, 
washed with H 2 0, dissolved in H 2 0/acetonitrile and 
chromatographed over a reverse phase HPLC column 
(H 2 0/acetonitrile) to give the 3-chloro-4-f luoro 
5 phenoxy THP -protected hydroxamate (1.4 g, 35%). 

Part B: To a stirred solution of the 3- 
chloro-4-f luoro phenoxy THP-protected hydroxamate 
from part A (1.4 g, 2.7 mmol) in acetonitrile (10 mL) 
was added IN aqueous HCl (10 mL) . The solution was 

10 stirred at ambient temperature for 1 hour. The 
acetonitrile was evaporated off at ambient 
temperature under a steady stream of nitrogen until a 
heavy precipitate formed. The precipitate was 
filtered and the cake was washed with H 2 0 followed by 

15 diethyl ether and dried under vacuum, giving the 

title compound as a white solid (12. 5g, 96%). The 
compound was recrystallized from acetone/hexane, 
giving white crystals (10.9 g, 86%). HRMS (ES) M+NH 4 + 
for C 18 H 19 N0 6 SFC1 447.079. Found: 447.080. 

20 

Example 109: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- (4 -phenoxy) phenyl] sulfonyl 2H- 
thiopvran- 4 - carboxami dp 



25 




Part A: To a solution of the methylester 
thiopyran compound of Part C, Example 50 (MW 318, 3 
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g, 1.0 equivalents) in N,N-dimethylacetamide (DMA; 40 
mL) were added cesium carbonate (129, 1-5 
equivalents) and phenol (l.5g). The mixture was 
heated to 95 degrees Celsius for 6 hours. After the 
5 reaction was cooled to ambient temperature, the 
reaction mixture was filtered and the N,N- 
dimethylacetamide was then removed via rotary 
evaporation. The residue was dissolved in 10% 
aqueous HCl (lOOmL) and extracted with ethyl acetate 

10 (2x) . The ethyl acetate extract was dried over 

sodium sulfate and removed under reduced pressure to 
give an oil. The oil was purified on silica gel to 
give 2 g of methyl ester. The X H NMR, MS, and HPLC 
were consistent with the desired compound. 

15 Part B: To a solution of the methyl ester 

compound of Part A (MW 392, 2 g) in THF (20 mL) was 
added potassium trimethylsilanoate (MW 128,1.6 g, 1.2 
equivalents) . The mixture stirred 2-3 hours at 
ambient temperature until a solid precipitate 

20 developed. After the hydrolysis was complete, N- 

methylmorpholine (2 mL) was added followed by PyBrop 
(2.3 g, 1.2 equivalents). The solution was stirred 
for 10 minutes, then aqueous hydroxylamine was added 
and stirring for an additional 2 hours. After 

25 complete reaction (2 hours) the solvent was removed 

via rotary evaporation. The residue was dissolved in 
water/acetonitrile, made acidic with TFA (pH=2) , then 
purified on prep RPHPLC to give 1 g the title 
compound as a white solid. The X H NMR, MS, and HPLC 

30 were consistent with the desired compound. MS (CI) 
M+H calculated for C 18 H 19 N0 5 S 2 : 393, found 3 93. 
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Example 110: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- (4 -phenoxy) phenyl] sulfonyl 2H- 
gulfonvl Pvran-4-carboxamide 




Part A: Water (50mL) was added to a 
solution of the compound of Example 109, part A, (2 

10 g) in tetrahydrofuran (50mL) . To this vigorously 
stirred mixture was added Oxone® (8 g, 3 
equivalents) . The course of the reaction was 
monitored by RPHPLC. After 3 hours, water was added 
and the product was extracted with ethyl acetate (100 

15 mL, 2x) . The ethyl acetate was dried over sodium 
sulfate. After solvent was removed via reduced 
pressure, 1.8 g of the phenoxy methyl ester compound 
was obtained as a white solid. The *H NMR, MS, and 
HPLC were consistent with the desired compound. 

20 Part B: To a solution of the phenoxy 

methyl ester compound of part A (MW 590, 2 g) in 
tetrahydrofuran (20 mL) was added potassium 
trimethylsilanoate (MW 128,1.2 g, 1.2 equivalents). 
The mixture was stirred 2-3 hours until a solid 

25 precipitate developed. After the hydrolysis was 

complete, N-methylmorpholine (2mL) was added followed 
by PyBrop (2.3 g, 1.2 equivalents). The solution was 
stirred for 10 minutes then aqueous hydroxylamine was 
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added and with stirring for an additional 2 hours. 
After complete reaction, (2 hours) the solvent was 
removed via rotary evaporation. The residue was 
dissolved in water/acetonitrile, made acidic with 
5 trifluoroacetic acid (pH=2) , then purified on prep 
RPHPLC to give 500 mg of the title compound as a 
white solid. The l H NMR, MS, and HPLC were consistent 
with the desired compound. MS (CI) M+H calculated for 
C 16 H 19 N0 7 S 2 : 425, found 425. 

10 

Example 111: Preparation of tetrahydro-N-hydroxy-4- 
[ [4- ( 4 -phenoxy) phenyl] sulfonyl 2H- 
gulfoxvl pyran-4-carboxamide 



15 




Part A: To a solution of methyl ester of 
Example 109, part A, (2 g) in acetic acid/water 
(25/5mL) was added hydrogen peroxide (2mL, 30% 

20 solution) . The course of this vigorously stirred 
solution was monitored by RPHPLC. After 3 hours, 
water was added and the product was extracted with 
ethyl acetate (100 mL, 2x) . The ethyl acetate was 
dried over sodium sulfate. After solvent was removed 

25 via reduced pressure, 2.1 grams of the methylester 

sulfoxidepyran Phenyl -O-phenyl compound was obtained 
as a white solid. The *H NMR, MS, and HPLC were 
consistent with the desired compound. 
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Part B: To a solution of the methylester 
sulfoxidepyran Phenyl -0- phenyl compound of Part A (MW 
578, 1.8 g) in tetrahydrof uran (25 mL) was added 
potassium trimethylsilanoate (MW 128,1.2 g, 1.2 
5 equivalents) . The mixture was stirred 2-3 hours 
until a solid precipitate developed. After the 
hydrolysis was complete, N-methyl morpholine (2 mL) 
was added followed by PyBrop (2.3 g, 1.2 
equivalents) . The solution was stirred for 10 

10 minutes then aqueous hydroxylamine was added, with 
stirring for an additional 2 hours. After complete 
reaction (12 hours) the solvent was removed via 
rotary evaporation. The residue was dissolved in 
water/acetonitrile, made acidic with trif luoroacetic 

15 acid (pH=2) , then purified on prep RPHPLC to give 500 
milligrams of the title compound as a white solid. 
The : H NMR, MS, and HPLC were consistent with the 
desired compound. MS (CI) M+H calculated for 
C 18 H 19 N0 6 S 2 : 4 09, found 4 09. 

20 

Example 112: Preparation of tetrahydro-N- hydroxy- 4- 
[ [4- (l-acetyl-4- (4-piperazine- 
phenoxy) phenyl] sulfonyl 2H- 
tfriopYran-4-carfroxamitifi 

25 

0 
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Part A: To a solution of the methylester 
thiopyran compound of Example 50, part C, (MW 318, 5 
g, 1.0 equivalents) in N,N-dimethylacetaminde (70mL) 
were added cesium carbonate (MW 5.5g, 1.5 
5 equivalents) , tetrabutylammonium fluoride (2 mL, 2 M 
in THF) and l-acetyl-4- (4 -hydroxyphenyl) piperazine 
(4.9 g) . The mixture was stirred and heated at 90 
degrees Celsius for 6 hours. The reaction mixture 
was filtered and the N, N-dimethylacetamide was then 

10 removed via rotary evaporation. The residue wac 

dissolved in water (lOOmL) and extracted with ethyl 
acetate (2x) . The ethyl acetate was dried over 
sodium sulfate and removed under reduced pressure to 
give an oil. The oil was purified on silica gel to 

15 give 3 g of methyl ester. The X H NMR, MS, and HPLC 
were consistent with the desired compound. 

Step B: To a solution of the methyl ester 
compound of Part A (MW 433, 3 g) in tetrahydrofuran 
(50 mL) was added potassium trimethylsilanoate (MW 

20 128, 0.9 g, 1.2 equivalents). The mixture was 
stirred 2-3 hours until a solid precipitate 
developed. After the hydrolysis was complete N- 
methyl morpholine (2 mL) was added followed by PyBrop 
(3.5 g, 1.2 equivalents). The solution was stirred 

25 for 10 minutes then aqueous hydroxylamine was added 
with stirring for an additional 2 hours. After 
complete reaction (2 hours) the solvent was removed 
via rotary evaporation. The residue was dissolved in 
water/acetonitrile, made acidic with trif luoroacetic 

3 0 acid (pH=2) , then purified on prep RPHPLC to give 1.2 
g of the title compound as a white solid. The *H NMR, 
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MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 24 H 29 N 3 0 6 S 2 : 519, 
found 519. 



5 Example 113: Preparation of tetrahydro-N-hydroxy-4- 

[ [4- (4 -thiophenoxy) phenyl] sulfonyl 2H- 
thiQPvran-4-carboxamiriP 




10 

Part A: To a solution of the methylester 
thiopyran compound of Example 50, part C, (5 g.) in 
acetic acid (4 0mL) was added water/hydrogen 
peroxide (8 mL,4 mL/4 mL, 30% solution). The course 

15 of this vigorously stirred solution was monitored by 
RPHPLC. After 3 hours at ambient temperature, water 
was added and the product was extracted with ethyl 
acetate (100 mL, 2x) . The ethyl acetate was dried 
over sodium sulfate. After solvent was removed via 

20 reduced pressure 4.5 g of the methylester 

sulfoxidepyran Ph-p-F was obtained as a white solid. 
The X H NMR, MS, and HPLC were consistent with the 
desired compound. 

Part B: To a solution of the methylester 

25 sulfoxidepyran Ph-p-F of Part A (MW 318, 5 g, 1.0 
equivalents) in DMA (70 mL) were added cesium 
carbonate (MW 4 . 5g, 1.1 equivalents) and thiophenol 
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(1.5 g, 1.05 equivalents). The mixture was stirred 2 
hours at room temperature. The reaction mixture was 
filtered and the N,N-dimethylacetamide was then 
removed via rotary evaporation. The residue was 
5 dissolved in water (100 mL) and extracted with ethyl 
acetate (2x) . The ethyl acetate was dried over 
sodium sulfate and removed under reduced pressure to 
give an oil. The oil was purified on prep RPHPLC to 
give 2 g of methyl ester sulf oxidepyran Phenyl-S-Ph 

10 compound. The X H NMR, MS, and HPLC were consistent 
with thedesired compound. 

Part C: To a solution of the methylester 
sulf oxidepyran Phenyl-S-Ph of Part B (MW 590, 5 g) in 
tetrahydrofuran (100 mL) was added potassium 

15 trimethylsilanoate (MW 128,1.5 g, 2 equivalents). 
The mixture was stirred 2-3 hours at ambient 
temperature until a solid precipitate developed. 
After the hydrolysis was complete, N-methyl 
morpholine (6 mL) was added followed by PyBrop (4 g, 

20 l.i equivalents) . The solution was stirred for 10 
minutes then aqueous hydroxylamine was added with 
stirring for an additional 2 hours. After complete 
reaction (12 hours) , the solvent was removed via 
rotary evaporation. The residue was dissolved in 

25 water/acetonitrile, made acidic with trif luoroacetic 
acid (pH=2), then purified on prep RPHPLC to give 1.9 
g of the title compound as a white solid. The J H NMR, 
MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 18 H 19 NO s S 3 : 425, 

3 0 found 425. 
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Example 114 : Preparation of tetrahydro-N-hydroxy- 

4 - [ [4 - [4- (4-hydroxyphenyl) thiophenoxy) - 
phenyl] sulfonyl 2H-thiopyran- 
4-carboxamide 

5 




Part A: To a solution of the title 
compound of Example 50 (MW 402 , 5 g, 1.0 equivalent) 

10 in N,N-dimethylacet amide (70 mL) was added the 4- 
hydroxythiophenol (MW 126, 1.6 g, 1.3 equivalents) 
followed by potassium carbonate (MW 138, 5 g, 2.0 
equivalents) . The reaction was heated at 65 degrees 
Celsius for 3 hours, until HPLC indicated the 

15 reaction had finished. The reaction mixture was 

filtered, the N,N-dimethylacetamide was removed in 
vacuo. The residue was dissolved in water (lOOmL) and 
extracted with ethyl acetate (2x) . The ethyl acetate 
was dried over sodium sulfate and removed under 

20 reduced pressure to give the p-OH thiophenoxy 

compound as a crude oil. The *H NMR, MS, and HPLC 
were consistent with the desired compound. 

Part B: The crude p-OH thiophenoxy 
compound from Part A was stirred in HCl/dioxane (50 

25 mL) for 2 hours. The solvent was removed and the 
residue was dried and dissolved in 

water/acetonitrile, made acidic with trif luoroacetic 
acid (pH=2) , then purified on prep RPHPLC to give 2.1 
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g of the title compound as a yellow solid. The l K 
NMR, MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 18 H 19 N0 5 S 3 : 425 , 
found 425. 

5 

Example 115: Preparation of tetrahydro-N-hydroxy-4- 
[ [4 - [4-aminophenyl) thiophenoxy] phenyl] 
gulfrmyj, 2H-thionvran-4-carboxamide 



10 




Part A: To a solution of the title compound 
of Example 50 (MW 402, 5 g, 1.0 equivalents) in NT, NT- 
dimethyl acetamide (70 mL) was added the 4- 

15 aminothiophenol (MW 126, 1.6 g, 1.3 equivalents) 
followed by potassium carbonate (MW 138, 5 g, 2.0 
equivalents) . The reaction was heated at 65 ° C for 3 
hours, until HPLC indicated the reaction had 
finished. The reaction mixture was filtered, and the 

20 N,N-dimethylacetamide was removed in vacuo. The 

residue was dissolved in water (lOOmL) and extracted 
with ethyl acetate (2x) . The ethyl acetate was dried 
over sodium sulfate and removed under reduced 
pressure to give the p-NH 2 thiophenoxy compound as a 

25 crude oil. The X H NMR, MS, and HPLC were consistent 
with the desired compound. 

Part B: The crude p-NH 2 thiophenoxy 
compound of Part A was stirred in HCl/dioxane (50 mL) 
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for 2 hours. The solvent was removed and the residue 
was dried and dissolved in water/acetonitrile, made 
acidic with trif luoroacetic acid (pH=2) , then 
purified on prep RPHPLC to give 2 . 1 g of the title 
5 compound as a yellow solid- The *H NMR, MS, and HPLC 
were consistent with the desired compound. MS (CI) 
M+H calculated for C 18 H 20 N 2 O 4 S 3 C 2 HF 3 0 2 : 538, found 538. 

Example 116: Preparation of tetrahydro-N-hydroxy-4- 
0 [ [4 - [4 - tyramine ) phenoxy ] phenyl ] 

gulfonvl 2H-thiopvran-4-carboxamide 




Step A: To a solution of title compound of 
Example 50 (MW 402, 5 g, 1.0 equivalents) in N,N- 
dimethylacetamide (50mL) was added the trypamine (3 
g, 2 equivalents) , followed by cesium carbonate (10 
g, 2.0 equivalents). The reaction was heated at 95 
degrees Celsius for 5 hours, until HPLC indicated the 
reaction had finished. The reaction mixture was 
filtered, the N,N-dimethylacetamide was removed in 
vacuo. The solvent was removed and the residue was. 
dried and dissolved in water/acetonitrile, made 
acidic with trif luoroacetic acid (TFA; pH=2) , then 
purified on prep RPHPLC to give 2.5 g of the crude 
methyl ester as a yellow solid. The X H NMR, MS, and 
HPLC were consistent with the desired compound. 
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Step B: The crude methyl ester from 
reaction Step A was stirred in aqueous HCl (50 mL) 
for 1 hour. The solvent was removed and the residue 
was dried and dissolved in water/acetonitrile , made 
5 acidic with TFA (pH=2) , then purified on prep RPHPLC 
to give 2.2 g of yellow foam solid as the 
trif luoroacetic acid salt of the title compound. The 
L H NMR, MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 20 H 24 N 2 O 5 S 2 
10 C2HF302: 550, found 550. 



Example 117: 



15 



Preparation of tetrahydro-N-hydroxy-4- 
[ [4- [4-hydroxyphenyl glycine) ] phenyl] 
gygforvA 2H-thj,QPYyan-4-caybQXamide 




C0 2 H 



Step A: To a solution of the title 
compound of Example 50 (MW 402, 5 g, 1.0 equivalents) 

2 0 in N,N-dimethylacetamide (50 mL) was added 

hydroxyphenylglycine (3 g, 2 equivalents), followed 
by cesium carbonate (log, 2.0 equivalents). The 
reaction was heated at 95 degrees Celsius for 5 
hours, until HPLC indicated the reaction had 

25 finished. The reaction mixture was filtered, the 
N,N-dimethylacetamide was removed in vacuo. The 
solvent was removed, the residue was dried and 
dissolved in water/acetonitrile, made acidic with 
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trifluoroacetic acid (pH=2) , then purified on prep 
RPHPLC to give 2.0 g of the crude methyl ester as a 
tan solid. The X H NMR, MS, and HPLC were consistent 
with the desired compound. 
5 Step B: The crude methyl ester from 

reaction Step A was stirred in aqueous HCl (50 mL) 
for 1 hour. The solvent was removed and the residue 
was dried and dissolved in water/acetonitrile, made 
acidic with trif luoroacetic acid (pH=2) , then 
10 purified on prep RPHPLC to give 2.2 g of tan 

foam/solid as the trif luoroacetic acid salt of the 
title compound. The X H NMR, MS, and HPLC were 
consistent with the desired compound. MS (CI) M+H 
calculated for C 20 H 22 N 2 O 7 S 2 C 2 HF 3 0 2 : 580, found 580. 

Example 118: Preparation of tetrahydro-N -hydroxy- 4- 
[ [4- [4-hydroxyphenyl glycine) ] phenyl] 
gulfrpnyl, 2H-thiopyran-4-carboy;amide 



20 




Step A: A solution of the title compound 
of Example 115 (MW 518, 2.5 g, 1.0 equivalents) in 
THF (25 mL)and N-Boc N- hydroxy succinyl glycine (2.1 
25 g, 2 equivalents) containing N-methylmorpholine (2 

mL) and 4 -dimethylaminopyridine (250 mg) was stirred 
for 12 hours. After RPHPLC indicated complete 
reaction at this time, the solvent was removed under 
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reduced pressure to give an oil. Hydrochloric acid 
10% aqueous solution was added with stirring for an 
additional 1-2 hours. The solution was then purified 
on prep RPHPLC to give 1.2 g of white foam/solid as 
5 the trifluoroacetic acid salt. The X H NMR, MS, and 
HPLC were consistent with the desired compound. The 
solid was dried under reduced pressure, then 
suspended in ethyl ether followed by addition of 4N 
HCl/dioxane (20 mL) . The HC1 salt was filtered and 
10 washed with ethyl ether to give the title compound as 
a tan solid (1.1 g) . The *H NMR, MS, and HPLC were 
consistent with the desired compound. MS (CI) M+H 
calculated for C 20 H 2J N 3 O s S 3 C 2 HF 3 0 2 : 595, found 595. 

15 Example 119: Preparation of tetrahydro- 

N-hydroxy-4- [ [4- (4 -pyridinylthio) - 
phenyl] sulfonyl] -2H-thiopyran-4- 
carboxamide. monohvdrochloridg 



20 




Step A: To a solution of the title 
compound of Example 50 (MW 402, 5 g, 1.0 equivalents) 
in N,N-dimethylacetamide (50 mL) were added 4- 
25 thiopyridine (3 g, 2 equivalents) , followed by cesium 
carbonate (lOg, 2.0 equivalents). The reaction 
mixture was heated at 75 degrees Celsius for 5 hours, 
until HPLC indicated the reaction had finished. The 
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20 



reaction mixture was filtered, and the N,N- 
dimethylacetamide was removed in vacuo. The residue 
was dried and dissolved in water/acetonitrile, made 
acidic with trif luoroacetic acid (pH=2) , then 
purified on prep RPHPLC to give 2.0 g of the crude - 
S-pyridyl THP-protected thiopyran compound as a brown 
solid. The *H NMR, MS, and HPLC were consistent with 
the desired compound. 



thiopyran compound from Step A was stirred in aqueous 
HC1 (50 mL) for 1 hour. The solvent was removed and 
the residue was dried and dissolved in 
water/acetonitrile, made acidic with trif luoroacetic 
acid (pH=2) , then purified on prep RPHPLC to give 1.8 
g of tan foam/glass as the trif luoroacetic acid salt 
of the title compound. The X H NMR, MS, and HPLC were 
consistent with the desired compound. MS (CI) M+H 
calculated for C 17 H 18 N 2 0 4 S 3 HCl : 447, found 447. 

Example 120: Preparation of 4-[[4-[(4- 



Step A: To a solution of the title 
compound of Example 55 (MW 387, 5 g, 1.0 equivalents) 



Step B: The -S-pyridyl THP-protected 



aminophenyl) thio] phenyl] - 
sulf onyl] tetrahydro-N- hydroxy - 
2^-pyy^n-^ -carbp^midQ 
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in N,N-dimethylacetamide (50 mL) were added the 4- 
aminothiophenol (3 g, 2 equivalents) followed by 
potassium carbonate (lOg, 2.0 equivalents). The 
reaction was heated at 60 degrees Celsius for 5 
5 hours, until HPLC indicated the reaction had 

finished. The reaction mixture was filtered, the DMA 
was removed in vacuo. The solvent was removed and the 
residue was dried and dissolved in 

water/acetonitrile, made acidic with trif luoroacetic 
10 acid (pH=2), then purified on prep RPHPLC to give 2.0 
g of the crude 4-amino-S-Ph THP-protected thiopyran 
as a brown solid. The X H NMR, MS, and HPLC were 
consistent with the desired compound. 

Step B: The 4-amino-S-Ph THP-protected. 
15 thiopyran compound of Step A was stirred in aqueous 
HC1 (50 mL) for 1 hour. The solvent was removed and 
the residue was dried and dissolved in 
water/acetonitrile, made acidic with trif luoroacetic 
acid (pH=2), then purified on prep RPHPLC to give 1.4 
20 g of tan foam/glass as the trif luoroacetic acid salt 
of the title compound. The : H NMR, MS, and HPLC were 
consistent with the desired compound. MS (CI) M+H 
calculated for C 18 H 20 N 2 O 5 S 2 : 4 08, found 4 08. 

25 Example 121: Preparation of t etrahydro-N- hydroxy- 4- 

[ [4- [ (2-methyl-5-benzothiazolyl) - 
oxy] phenyl] sulfonyl] - 

2 H - p vran - 4 - ca r box am i H ^ 
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Step A: To a solution of the title 
compound of Example 55 (MW 387, lOg, 1.0 equivalents) 
5 in DMA (50mL) were added hydroxymethyl benzothiazole 
(8 g, 1.5 equivalents) followed by cesium carbonate 
(20 g, 2.0 equivalents). The reaction was heated at 
90 degrees Celsius for 5 hours, until HPLC indicated 
the reaction had finished. The reaction mixture was 

10 cooled then filtered, the N,N-dimethylacetamide was 
discarded. The filter cake was placed in 10% aqueous 
HC1 and stirred for 30 minutes to remove the cesium 
salts. The desired solid separated out of solution 
as a gum. This gum was dissolved in ethyl aceatate 

15 (100 mL) and was washed with water and dried over 

sodium sulfate. The solvent was removed in vacuo to 
give an oil that was dissolved in water/acetonitrile, 
made acidic with trif luoroacetic acid (pH=2) , then 
purified on prep RPHPLC to give the 2 -methyl- 5- 

2 0 benzothiazolyloxy compound. The l H NMR, MS, and HPLC 
were consistent with the desired compound. 

Step B: The 2 -methyl -5 -benzothiazolyloxy 
compound of Step A was stirred in aqueous HCl 
(20mL) /acetonitrile(20mL) for 1 hour. The solvent 

25 was concentrated and the solid that separated was 

filtered to give 6.5 g of the title compound. The X H 
NMR, MS, and HPLC were consistent with the desired 
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compound. MS (CI) M+H calculated for C 20 H 20 N 2 O 6 S 2 : 448, 
found 448. 

Example 122: Preparation of 4- [ [4- (4-chloro-3- 
f luorophenoxy) phenyl] sulfonyl] - 
t e t rahydro-N- hydroxy - 2 H - pyr an - 4 - 
carboxamide 



10 




Step A: To a solution of the title 
compound of Example 55 (MW 387, 10 g, 1.0 
equivalents) in N,N-dimethylacetamide (50 mL) were 

15 added 4 -chloro-3-f lourophenol (7 g, 1.4 equivalents) 
followed by cesium carbonate (20g, 2.0 equivalents). 
The reaction was heated at 90 degrees Celsius for 5 
hours, until HPLC indicated the reaction had 
finished. The reaction mixture was cooled then 

2 0 filtered, the DMA was discarded. The filter cake was 
placed in 10% aqueous HCl and stirred for 30 minutes 
to remove the cesium salts. The desired 4-chloro-3- 
f luorophenoxy compound (11 g) separated out of 
solution and was filtered. The l H NMR, MS, and HPLC 

25 were consistent with the desired compound. 

Step B: The 4 -chloro-3-f luorophenoxy 
compound (3.4 g) of Step A was stirred in aqueous HCl 
(20 mL)/ acetonitrile(20 mL) for 1 hour. The solvent 
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was concentrated and the solid that separated was 
filtered to give 2.0 g of the title compound. The X H 
NMR, MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 18 H 17 C1FN0 6 S : 
5 429, found 429. 

Example 123: Preparation of 4- [ [4- [4- (4-acetyl-l- 
piperazinyl) phenoxy] phenyl] sulfonyl] - 
t e t r ahydr o - N - hydroxy - 2 H - py r an - 4 - 
0 carboxamide, trif luoroacetic acid salt 



O 




Step A: To a solution of the title 
15 compound of Example 55 (MW 387, 5 g, 1.0 equivalents) 
in DMA (50 mL) were added 1 -acetyl -4 - (4 -hydroxy- 
phenyl )piperazine (3 g, 2 equivalents) followed by 
cesium carbonate (lOg, 2.0 equivalents). The 
reaction was heated at 90 degrees Celsius for 5 
20 hours, until HPLC indicated the reaction had 

finished. The reaction mixture was filtered, the DMA 
was removed in vacuo. The residue was dissolved in 
water/acetonitrile, made acidic with TFA (pH=2) , then 
purified on prep RPHPLC to give 3 . 1 g of the crude 4- 
25 acetyl -1-piperazinylphenoxy compound as a brown 

solid. The X H NMR, MS, and HPLC were consistent with 
the desired compound. 
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Step B: The 4 -acetyl -1-piperazinylphenoxy 
compound from reaction Step A was stirred in aqueous 
HC1 (50 mL) for 1 hour. The solvent was removed and 
the residue was dried and dissolved in 
5 water/acetonitrile, made acidic with TFA (pH=2) , then 
purified on prep RPHPLC to give 2.0 g of tan foam as 
the trifluoroacetic acid salt of the title compound. 
The *H NMR, MS, and HPLC were consistent with the 
desired compound. MS (CI) M+H calculated for C 24 H 29 N 3 0 7 S 
10 C 2 HF 3 0 2 : 617, found 617. 

Example 124: Preparation of N,N-dimethyl-5- [4- 
[ [tetrahydro-4- [ (hydroxy amino) - 
carbonyl] -2H-pyran-4-yl] sulfonyl] - 
15 phenoxy] -1H- indole -2 -carboxamide, 

trifluoroacetic acid salt 




CH 3 

F 3 CC0 2 H 



20 Step A: To a solution of the title 

compound of Example 55 (MW 387, 5g, 1.0 equivalents) 
in DMA (50 mL) were added the 5 -hydroxy- 2 -indole 
dimethylcarboxylate (3 g, 2 equivalents) followed by 
Cs 2 C0 3 (10 g, 2.0 equivalents). The reaction was 

25 heated at 90 degrees Celsius for 5 hours, until HPLC 
indicated the reaction had finished. The reaction 
mixture was filtered, the DMA was removed in vacuo. 
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The residue was dissolved in water/acetonitrile, made 
acidic with TFA (pH=2) , then purified on prep RPHPLC 
to give 2.1 g of the crude THP-protected pyran 
hydroxamate compound as a brown solid. The *H NMR, 
5 MS, and HPLC were consistent with the desired 
compound . 

Step B: The THP-protected pyran 
hydroxamate compound from Step A was stirred in 
aqueous HCl (50 mL) for lhour. The solvent was 

10 removed and the residue was dried and dissolved in 

water/acetonitrile, made acidic with TFA (pH=2) , then 
purified on prep RPHPLC to give 1.5 g of tan solid as 
the trif luoroacetic acid salt of the title compound. 
The X H NMR, MS, and HPLC were consistent with the 

15 desired compound. MS (CI) M+H calculated for 
C 23 H 25 N 3 0 7 S: 487, found 487. 



Example 125: Preparation of tetrahydro-N- hydroxy- 4- 
[ [4- [4- (l-methylethyl)phenoxy] phenyl] - 
gulfpnyll -2H-pyra^4-q3irbox3mirie 




Step A: To a solution of the title 
25 compound of Example 5 5 (MW 387, 5 g, 1.0 equivalents) 
in DMA (50 mL) was added the 4-isopropylphenol (3 g, 
2 equivalents) , followed by cesium carbonate (10 g, 
2.0 equivalents) . The reaction mixture was heated at 
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90 degrees Celsius for 8 hours, until HPLC indicated 
the reaction had finished. The reaction mixture was 
filtered, the DMA portion was discarded. The filter 
cake was placed in 10% aqueous HC1 and stirred for 30 
5 minutes to remove the cesium salts. The solid (3.5 
g) isopropylphenoxyphenyl THP-protected hydroxamate 
separated and was filtered. The X H NMR, MS, and HPLC 
were consistent with the desired compound. 

Step B: Into a stirred solution of aqueous 

10 HC1 (20 mL) and acetonitrile (20 mL) was added the 
crude isopropyl-phenoxyphenyl THP-protected 
hydroxamate from Step A and the resulting mixture was 
stirred for 1-2 hours. The solvent was concentrated 
via a stream of nitrogen over the surface of the 

15 solution. The solid was filtered and dried to give 
2.2 g of the title compound as a tan solid. The X H 
NMR, MS, and HPLC were consistent with the desired 
compound. MS (CI) M+H calculated for C 21 H 25 N0 6 S: 419, 
found 419. 

20 

Example 126: Preparation of Resin II: 

Step 1: Attachment of Compound 
of Example 55. Pa rt D. to Resin I 

25 A 500 mL round -bottomed flask was charged 

with of resin I [Floyd et al . , Tetrahedron Lett. 
1996, 37, 8045-8048] (8.08 g, 9.7 mmol) and 1-methyl- 
2-pyrrolidinone (50 mL) . A magnetic stirring bar was 
added, and the resin slurry slowly stirred. A 

30 separate solution of the compound of Part D, Example 
55 (5.58 g,19.4 mmol) in 1 -methyl -2 - pyrrol idi none (35 
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mL) was added to the slurry followed by addition of 
benzotriazole-l-yl-oxy-tris -pyrrol idino-phosphonium 
hexafluorophosphate (10.1 g, 19.4 mmol) in one 
portion. Once the hexafluorophosphate salt had 
5 dissolved, 4-methylmorpholine (4.26 mL, 39 mmol) was 
added dropwise. The reaction slurry was stirred at 
room temperature for 24 hours, then the resin was 
collected in a sintered-disc funnel and washed with 
N,N- dimethyl formamide, methanol, methylene chloride 

10 and diethyl ether (3x3 0 mL each solvent) . The resin 
was dried in vacuo to yield 10.99 g polymer-bound 
hydroxymate as a tan polymeric solid. Theoretical 
loading on polymer was 0.91 mmol/g. FTIR microscopy 
showed bands at 1693 and 3326 cm -1 indicative of the 

15 hydroxamate carbonyl and nitrogen-hydrogen stretches, 
respectively. 

Step 2: Preparation of Resin III: 
Reaction of Resin II With 

20 Nucleophiles 

Resin II (50 mg, 0.046 mmol) was weighed 
into an 8 mL glass vial, and a 0.5 M solution of a 
nucleophile in 1 -methyl -2 - pyrrol idinone (1 mL) was 
added to the vessel. In the case of phenol and 
25 thiophenol nucleophiles, cesium carbonate (148 mg, 

0.4 6 mmol) was added, and in the case of substituted 
piperazine nucleophiles, potassium carbonate (64 mg, 
0.46 mmol) was added. The vial was capped and heated 
to 70 to 155 degrees Celsius for 24-48 hours, then 
3 0 cooled to room temperature. The resin was drained 

and washed with 1 -methyl -2 -pyrrol idinone, l-methyl-2- 
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pyrrolidinone/water (1:1), water, 10% acetic 

acid/ water, methanol, and methylene chloride (3x3 mL 

each solvent) . 

5 Step 3 : Cleavage of Hydroxamic Acids 

Fyom Tfre Polymey- Support 

Resin III was treated with a 
trifluoroacetic acid/ water mixture (19:1, 1 mL) for 
1 hour at room temperature. During that time, the 
10 resin became a deep red color. The resin was then 
drained and washed with trifluoroacetic acid/water 
(19:1) and methylene chloride (2x1 mL each solvent), 
collecting the combined filtrates in a tared vial. 
The volatiles were removed in vacuo, then a 
15 toluene/methyl ene chloride mixture (2 mL each) was 
added to the residue. The mixture was again 
concentrated in vacuo. The product was characterized 
by electrospray mass spectroscopy. 

20 The following hydroxamic acids were 

synthesized from resin II using the conditions of 
Step 2 with the indicated nucleophile, followed by 
release from the polymer using Step 3 reaction 
conditions . 
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MS (ES) 

Example R Nucleophile m/z 

Number 

9 4' -hydroxy-2' - 451 

126-1 (|* t [ CHs methylacetophenone (M+NHJ 

126-2 iT^T^I 5,6,7,8-tetrahydro- 455 

So-^N^k^ 2-naphthol (M+NH 4 ) 

126-3 f^f a 3,4-dichlorophenol 462 

S 0 J\^ci (M+NHJ 

126-4 if^Y^ — ° H 4-hydroxyphenethyl 439 

^<r^ alcohol (M+NH 4 ) 

4 - hydroxy 485 

126-5 ^o<^ ^ diphenylmethane (M+NH 4 ) 

126-6 (^l*^ 4-phenylphenol 471 

^ qX ^ (M + NH 4 ) 
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s -. CHj 4- (methyl thio) phenol 441 



126-7 Vv^* 1 (M+NHJ 



126-8 3-methoxyphenol 425 

^ 0 A^k 0 .CH3 (M+NH 4 ) 

126-9 \^ 0 J^> 4-chlorophenol 429 

(M+NHJ 

126-10 f^V Bf 4 -bromophenol 590 

^o'^^ (M+Cs) 

126-11 J^f ™ 4- (imidazol-l-yl) - 444 

° phenol (M+H) 

3 - hydr oxyph ene t hy 1 439 

126-12 ^o^^-^oh alcohol {M+NHJ 

126-13 |pv^-^0H 3- (4-hydroxy- 453 

0 phenyl ) - 1 -phenol (M+NH< ) 

126-14 <^Y' Br 4-bromo-3- 487 

^o^^^cHj methylphenol (M+NHJ 

ti^S 3 -hydroxybenzyl 425 

126-15 ^o^k^v^OH alcohol (M+NH 4 ) 
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12 6 -16 (^^ s y' 0 ^ch z 4 -methoxyphenol 425 

^o^^ (M+NH 4 ) 



^^.ci 4-chloro-3- 558 

126-17 ^o^^^ch, methylphenol (M+Cs) 



126-18 (T^V^S 2-naphthol 560 




(M+Cs) 



126-19 ( ^ % ^CH i p-cresol 409 

(M+NH 4 ) 




126-20 if^V^^OH 4-hydroxybenzyl 408 

alcohol (M+H) 




126-21 ^Y*~v^" 1-naphthol 445 

(M+NHJ 



126-22 [f^l 3-hydroxypyridine 379 

^o-^* s * N (M+H) 



TFA 



126-23 w/ ' 0 \Jv N S A 8-hydroxyjulolidine 473 




126-24 



(M+H) 



^ 0 ^^y^%j 2, 6-quinolinediol 445 

LA N A 0 (M+H) 
TFA 
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126-31 



126-32 
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5-hydroxy-2- 393 
methylpyridine (M+H) 

2,3-dihydroxy- 412 
pyridine (M+H) 

4 - hydr oxypheny 1 453 
acetic acid (M+NHJ 

4-amino-m-cresol 407 

(M+H) 

8-quinolinol 429 

(M+H) 



4-cyclopentylphenol 463 

(M+NHJ 



3, 4 -dimethyl- 439 
thiophenol (M+NH 4 ) 

m-thiocresol 425 

(M+NHJ 
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v V^r^ CH3 



126-33 3-methoxythiophenol 441 

(M+NH 4 ) 



126-34 



IX 



4-methoxythiophenol 441 
-CH 3 (M+NH 4 ) 



126-35 ^ s > N ^ss 5s 4-fluorothiophenol 429 

(M+NHJ 



126-36 ^ s \ t /H f ^ cl 3-chlorothiophenol 445 

(M+NHJ 



126-37 ^ s \x^ 4-chlorothiophenol 445 




CI 



12 6 " 3 8 |j^v^° x cH 3 4-aminothiophenol 426 

NiA^ (M+NHJ 



126-39 ^ S >^y^S 2-naphthalenethiol 461 

K^i^ (M+NHJ 



(M+NHJ 



126-40 piperidine 
SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



126-41 



126-42 



126-43 



126-44 



126-45 



126-46 
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126-48 
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A N ^N, ^ 4 -benzyl -4- 475 

hydroxypiperidine (M+H) 



TFA 




OH 



0 nipecotamide 468 



TFA 



c (M+H) 



-^n^V 0 " 3 -hydroxypiperidine 385 

l^J (M+H) 



TFA 



,r^ N ^\^ 4- (1 -pyrrol idinyl) - 438 

TFA L^k.^v piperidine (M+H) 



ethyl nipecotate 441 

(M+H) 



•^n'V^oh 3 -piper idinyl- 512 



TFA 



methanol 



CuO 



(M+TFA) 



^\ 4-benzylpiperidine 459 

TFA 



(M+H) 



A N ^\ 4-methylpiperidine 383 

TFA k/L,. (M+H) 



^CH 3 



/vj^^s-CHa 3 -methylpiperidine 383 

TFA k^J (M+H) 
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126-50 



126-51 



126-52 



126-53 



126-54 



126-55 



126-56 



126-57 




4 -hydroxy- 4- 461 
phenylpiperidine (M+H) 

ethyl isonipecotate 441 

(M+H) 

l,4-dioxa-8- 427 
azaspiro(4,5)decane (M+H) 

isonipecotamide 412 

(M+H) 

nipecotamide 412 

(M+H) 

4-piperidino- 452 
piperidine (M+H) 

morpholine 388 

(M+NH«) 

4 -phenylpiperidine 445 

(M+H) 
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126-64 
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3 , 5- dimethyl - 

piperidine 414 

(M+NH 4 ) 

4- (4-bromophenyl) -4- 539 
piperidinol (M+H) 

1-methylpiperazine 384 

(M+H) 

4-piperazino- 488 
acetophenone (M+H) 

1-benzyipiperazine 460 

(M+H) 

N- (a,a,cc-trif luoro-m- 514 
tolyl) piperazine (M+H) 

1- (2-pyridyl) - 447 
piperazine (M+H) 
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126-65 TFA ^ N> lT^ 1- (4-fluorophenyl) - 464 



126-67 



TFA 

piperazine (M+H) 



126-66 ^v^q 1-piperonyl- 504 

TFA 



"CuCO 



piperazine (M+H) 

TFA 



TFA I J. , 

N/ n n/v 1- (4-nitrophenyl) 



TFA 




491 

no 2 piperazine (M+H) 



126-68 A N ^\ 1-hydroxyethyl- 458 

TFA L 

^" N v/"^ 0 -'\x 0 ethoxypiperazine (M+H) 

TFA 



126-69 tfa l^N^oij 1-acetylpiperazine 412 

° (M+H) 



126-70 J 1-ethylpiperazine 398 

TFA L^N^CH 3 (M+H) 
TFA 



126-71 /x N xs. F 1- (2-fluorophenyl) - 464 

TFA k^N^ piperazine (M+H) 

tfa T 
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TFA N 



126-72 benzyl -1 -piperazine 504 

-o carboxylate (M+H) 



126 ^N^^ ethyl -N-piperazine 442 

Tp A o v ch carboxylate (M+H) 



Y 



127 N- (2-hydroxyethyl) - 414 



I n ^ piperazine (M+H) 

— ' — ' N nu 



TFA 

^OH 

TFA 




128 k^J^ 1- (2-methoxy- 476 

phenyl ) piperazine (M+H) 



Example XX: Large Scale Preparation of Resin Ilia 

Resin II (5 g, 0.91 mmol) was weighed into 
an oven-dried three-necked round bottom flask fitted 
5 with a temperature probe, an overhead stirring 

paddle, and a nitrogen inlet. Anhydrous 1 -methyl -2- 
pyrrolidinone (35 mL) was added to the flask followed 
by ethyl isonipecotate (7.0 mL, 45.5 mmol). The 
resin slurry was stirred slowly with the overhead 
10 stirrer, and the mixture was heated to 80 degrees 
Celsius with a heating mantle for 65 hours. The 
flask was thereafter cooled to room temperature. 
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The resin was collected in a sintered-disk 
glass funnel and washed with N,N-dimethylformamide, 
methanol and methylene chloride (3X3 0 mL each 
solvent) . The resin was dried in vacuo to provide 
5 5.86 g of resin Ilia as off-white resin beads. The 
theoretical loading of the polymer was 0.81 mmol/g. 
TFA cleavage performed on 50 mg of resin Ilia as 
described in step 3 yielded 10.4 mg of off-white 
solid spectroscopically indistinguishable from the 
10 reaction product using ethyl isonipecotate of Example 
211. 

Example YY: J^arge Scale Preparation of Resin 1 1 lb: 
Preparation of resin I I lb followed the 

15 procedure described for preparation of resin Ilia, 
except ethyl nipecotate was substituted for ethyl 
isonipecotate. The yield after drying in vacuo was 
5.77 g of resin Illb as pale yellow resin beads. The 
theoretical loading of the polymer was 0.81 mmol/g. 

2 0 TFA cleavage performed on 5 0 mg of resin 1 1 lb as 
described in step 3 yielded 14.7 mg of off-white 
solid spectroscopically indistinguishable from the 
reaction product using ethyl nipecotate of Example 
212. 

25 

Step 4: Hydrolysis of Polymer-Bound 
Ester: Preparation of 

Resin IVa 

Resin Ilia (5.8 g, 4.5 mmol) was weighed 
30 into a three -necked round bottomed flask fitted with 
an overhead stirring paddle. 1,4-Dioxane was added 
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to the flask, and the resin slurry was stirred for 15 
minutes. Then, a 4 M solution of KOH (5 mL, 20 mmol) 
was added, and the mixture was stirred for 44 hours. 
The resin was thereafter collected in a sintered-disk 
5 glass funnel and washed with dioxane/water (9:1), 

water, 10% acetic acid/water, methanol and methylene 
chloride (3X30 mL each solvent) . The resin was dried 
in vacuo to yield 5.64 g of resin IVa as off-white 
polymer beads. FTIR microscopy showed bands at 1732 
10 and 1704 cm" 1 and a broad band from 2500-3500 cm" 1 . 

The theoretical loading of the polymer-bound acid was 
0.84 mmol/g. 

Preparation of Resin Ivb ; 

15 Using the procedure described in Step 4, 

resin Illb (5.71 g, 4.5 mmol) was converted into 5.61 
g of resin IVb. FTIR microscopy showed bands at 1731 
and 1705 cm" 1 and a broad band from 2500-3500 cm" 1 . 
The theoretical loading of the polymer-bound acid was 

2 0 0.84 mmol/g. 



Step 5: Amide Bond Formation: 
Preparation of Resin V 
Into a fritted reaction vessel was weighed 
25 either resin IVa or resin IVb (50 mg, 0.042 mmol), 
and the vessel was capped under nitrogen. A 0.5 M 
solution of hydroxybenzotriazole in l-methyl-2- 
pyrrolidinone (0.3 mL, 0.15 mmol) was added followed 
by a 0.5 M solution of diisopropylcarbodiimide in 1- 
30 methyl -2 -pyrrol idinone (0.3 mL, 0.15 mmol). The 

resin was stirred using a tabletop stirring plate for 
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10 



15 minutes, then a 0.7 M solution of the amine in 1- 
methyl -2 -pyrrol idinone (0.3 mL, 0.21 mmol) was added. 
The reaction mixture was stirred for 6 hours, then 
the resin was drained and washed with 1 -methyl -2- 
pyrrol idinone (3XlmL) . The reaction was repeated 
using the same amounts of reagents described above. 
The reaction mixture was stirred for 16 hours, then 
the resin was drained and washed with l-methyl-2- 
pyrrol idinone, methanol and methylene chloride (3X1 
mL each solvent) . 



synthesized using the indicated polymer-bound acid 
and the indicated amine in Step 5 reaction conditions 
followed by release from the polymer using Step 3 
reaction conditions. 



The following hydroxamic acids were 




MS (ES) 



Example Resin 



Amine 



R 



Posi- m/z 



Number 



tion 



129 



IVa 




4 



130 



IVa 



methyl amine 




4 



H 
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131 IVa morpholine _r 4 482 

kj, (M+H) 

132 IVa ethanolamine r Q H 4 456 

H (M+H) 

133 IVa 1, 3-diamino- x tfa 4 469 

propane (M+H) 

134 IVa ethylamine r 4 440 

H 3 (M+H) 

135 IVa glycine t- r 0H 4 470 

N if 

butyl ester H n (M+H) 
HC1 

136 IVa L-histidine tr~ m TFA 4 564 

N I 

methyl ester J (M+H) 

HC1 h Y 

o 

137 IVa ^O O H 4 428 

L^J r OH (M+H) 

138 IVb <. 3 

OH 

139 IVb methyl amine ^ ^ C( _, 3 3 426 

H (M+H) 

140 IVb morpholine 3 482 

(M+H) 
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IVb ethanolamine 



.OH 



456 
M+H) 



IVb 1, 3-diamino- 
propane 



TFA 3 469 



(M+H) 



IVb ethylamine 



N CH 3 
H 3 



3 440 

(M+H) 



IVb glycine C- 
butyl ester 
HC1 



OH 3 470 

(M+H) 



IVb L-histidine 
methyl ester 
HC1 



0 NH TFA 




OH 



3 564 

(M+H) 



IVb ^0 0 H 



OH 



3 428 

(M+H) 



IVa dimethylamine 



jJ V CH3 

I 

CH 3 



440 
(M+H) 



IVa diethylamine _r 



N XH 3 



468 
(M+H) 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-524- 



149 iVa piperidine 

150 IVa 1 -methyl - 

piperazine 




480 
(M+H) 

495 
(M+H) 



151 IVa N-Boc- r 4 481 

V I TFA 

piperazxne k^NH (M+H) 



152 IVa ethyl ^ M ^N 4 552 



isonipecotate " y^ 0 * (M+H) 



153 IVa ethyl o 4 552 

nipecotate l^J (M+H) 



154 IVa ethyl 



4 552 



pipecolate (M+H) 



155 ivb dimethylamine ^ CHa 3 440 



^3 (M+H) 



156 IVb piperidine 

157 IVb 1 -methyl - 

piperazine 

158 IVb . N-Boc- 




480 
(M+H) 

495 
(M+H) 



3 481 
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piperazine ^ (m+H) 

n >| TFA 



159 IVb ethyl 3 552 

isonipecotate \^nx°n^ c (M+H) 



160 IVb ethyl o 3 552 

nipecotate l^J (m+H) 



161 IVb ethyl o^o^ch, 3 552 

pipecolate -^n^N (M+H) 



162 IVb hexamethylene- j* 3 494 

imine I / (m+H) 




163 IVb 1,3,3- 

trimethyl-6- vn * (M+H) 

azabicyclo 
[3.2.1] -octane 

164 IVa 1,3,3- H 4 548 

trimethyl-6- ^nTV^ (M+H) 



azabicyclo 
[3.2.1] -octane 




CH 3 



H3C 
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165 



IVa hexamethylene- 
imine 



O 



4 494 

(M+H) 



166 IVb 3-pyrrolidinol y* 



o- 



3 482 
OH (M+H) 



167 IVb 



(3S)-(-)-3- 
( dimethyl 

amino) - 

pyrrolidine 



N-""\ , 



CH 3 



CH 3 



TFA 



509 
(M+H) 



168 IVb 



169 IVb 



(3S) - (-) -3- 
( t-butoxy- 
carbonyl amino) 
-pyrrolidine 
cis-2 , 6- 
dimethyl- 
morpholine 



|>-"NH 2 

TFA 



A N ^>CH 3 

V 

CH 3 



481 
(M+H) 



510 
(M+H) 



170 IVb 



171 IVb 



decahydro- 
quinoline 

4-(l- 

pyrrolidinyl) 
piperidine . 



CO 



O TFA 



o 



534 
(M+H) 

549 
(M+H) 



172 IVb pyrrolidine y* 



O 



3 466 

(M+H) 
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IVa 3 -pyrrol idinol 



O- 0H 



482 
(M+H) 



IVa (3S)-(-)-3- 
(dimethyl 
amino) - 
pyrrolidine 



-rC TFA ch 



CH 



509 
(M+H) 



IVa (3S)-(-)-3- 
( t-butoxy- 
carbonylamino) 
-pyrrolidine 



TFA 



O- 



NH 2 



481 
(M+H) 



IVa cis-2,6- 
dimethyl- 
morpholine 

IVa decahydro- 
quinoline 



V 

CH 3 



CO 



510 
(M+H) 

534 
(M+H) 



IVa 4-(l- 

pyrrolidinyl) - 
piperidine 



f-f/^\ TFA 



549 
(M+H) 



IVa pyrrolidine 



O 



4 466 

(M+H) 



IVa 2,2,2-tri- 

f luoroethyl- 
amine 



N CF 3 
H 3 



494 
(M+H) 
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181 



■528- 



IVa butylamine 



HN- 



CH 



468 
(M+H) 



182 iVa diallylamine ^ /\^ CH 2 4 492 

l^CH 2 (M+H) 



183 IVa 3,3'- 

iminobis (N,N- 

dimethylpropyl 

-amine) 



x TFA ch 3 4 



N ^ N 

^ ^ N -CH 3 

TFA CH 3 



582 
(M+H) 



184 IVa iso- 

propylamine 



4 54 
(M+H) 



185 IVa 4-amino- 

morpholine 



/ \ 

HN— N 0 



497 
(M+H) 



186 



IVa 



(aminomethyl) 
pyridine 




N TF 



503 
(M+H) 



187 



IVa eye 1 ohexyl - 



amine 



4 494 

(M+H) 



188 



^— NH 

IVa 1-aminoindane / l 




4 528 

(M+H) 
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189 IVa 2-thiophene- 

methyl amine 

190 IVa 4 -methyl - 

piperidine 

191 IVa 4 -benzyl - 

piperidine 

192 IVa 4 -phenyl - 

piperidine 

193 IVa 4 -benzyl -4- 

hydroxy- 
piperidine 

194 IVa cycloheptyl- 

amine 



195 IVa 4-aminomethyl- 

pyridine 

196 IVa 2-amino- 

methyl- 
pyridine 

197 IVa 4-fluoro- 

benzylamine 



PCT/US98/23242 




508 
(M+H) 

4 94 
(M+H) 

570 
(M+H) 

556 
(M+H) 

586 
(M+H) 



508 
(M+H) 

503 
(M+H) 

503 
(M+H) 



520 
(M+H) 
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198 IVa dibenzylamine 




592 
(M+H) 



199 IVa 1,2,3,4- ^n^V^I 4 528 

tetrahydro- k/^J < M+H ) 

isoquinoline 



Lasgg Sc^le Preparation of Resin TTTr 

Resin II (3.01 g, 2.74 mmol) was weighed 
5 into an oven-dried three-necked round bottomed flask 
fitted with an overhead stirring paddle, a 
temperature probe and an nitrogen inlet. 1 -Methyl -2- 
pyrrolidinone (25 mL) was added followed by 
piperazine (2.36 g, 27.4 mmol) and cesium carbonate 

10 (8.93 g, 27.4 mmol). Additional 1 -methyl -2- 

pyrrolidinone (10 mL) was added, and the reaction 
mixture was heated to 100 degrees Celsius and stirred 
18 hours. The flask was cooled to room temperature, 
and the resin was collected in a sintered-disc funnel 

15 and washed with N, N-diethylf ormamide/water (1:1), 

water, 10% acetic acid/water, methanol, and methylene 
chloride (3X3 0 mL each solvent) . The yield after 
drying in vacuo was 3.14 g of resin Illb as pale 
yellow resin beads. The theoretical loading of the 

20 polymer was 0.86 mmol/g. TFA cleavage performed on 

50 mg of resin Illb as described in Step 3 yielded 21 
mg of off-white solid spectroscopically 
indistinguishable from the compound of Example 209. 
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Step 6: Amide Bond Formation with 
resin I lie: Preparation of 

Rssin vx 

5 Into a fritted reaction vessel was placed 

the carboxylic acid (0.215 mmol) and 1- 
hydroxybenzotriazole (44 mg, 0.326 mmol). The vessel 
was capped under nitrogen, and l-methyl-2- 
pyrrolidinone was added followed by 

10 diisopropylcarbodiimide (0.034 mL, 0.215 mmol). The 
solution was agitated on a tabletop shaker for 15 
minutes, then resin IIIc (50 mg, 0.043 mmol) was 
added in one portion. The reaction mixture was 
shaken for 16 hours, then the resin was drained and 

15 washed with 1 -methyl- 2 -pyrrolidinone, methanol and 
methylene chloride (3X1 mL each solvent) . In the 
case of N- 9- fluorenyl -met hoxycarbonyl -protected amino 
acids, the resin was further treated with a 
piperidine/N,N-dimethylformamide solution (1:4, 1 mL) 

20 for 30 minutes. The resin was drained and washed with 
N,N-dimethylformamide, methanol and methylene 
chloride (3X1 mL each solvent) . 



The following hydroxamic acids were 
25 synthesized from resin IIIc using Step 6 with the 

indicated carboxylic acid, followed by release from 
the polymer using Step 3 reaction conditions. 
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Example Carboxylic R MS (ES) 

Number Acid m/z 

200 cyclo- ^* 502 

hexanecarboxylic ^C^D (M+Na) 



acid 



201 1,2,3,4-tetra- r 545 

hydronaphthyiene- I II '1 (M+NHJ 



2 -carboxylic acid 



XX5 



2 02 cycloheptane- \ 511 

carboxylic acid (M+NHJ 



203 N-9- H 467 

TFA 



fluorenylmethoxy- | \ ,rin (M+H) 



carbonyl-L- 
proline 
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Step 7: Preparation ot Regin m 
5 Resin IIIc (l.Og, 0.86 mmol) was weighed 

into an oven-dried 100 mL round -bottomed flask and a 
magnetic stirring bar and septum with a nitrogen 
needle were added. Methylene chloride (10 mL) was 
added, and the resin slurry was slowly stirred, p- 

10 Nitrophenylchloro- formate (0.867 g, 4.3 mmol) was 
added in one portion, followed by dropwise addition 
of diisopropylethylamine (0.75 mL, 4.3 mmol). A 
slight warming was noted with the addition. The 
reaction was stirred at room temperature for 18 

15 hours, then the resin was collected in a sintered- 

disc glass funnel and washed with methylene chloride, 
methanol and methylene chloride (3X10 mL each 
solvent) . 

The polymer-bound product was dried in 
20 vacuo yielding 1.25 g of resin VII as brown resin 
beads. FTIR microscopy showed bands at 1798, 1733, 
1696 and 1210 cm* 1 . Theoretical loading of the 
polymer was 0.75 mmol/g. 



PCT/US98/23242 



•533 



N-9- CH 3 469 

f luorenylmethoxy- (M+H) 
carbonyl-L-valine fj Hz ^ 
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Step 8: Reaction of Resin VII with 
Amines Preparation of 

Resin VUl 

An 8 mL vial was charged with resin VII (50 
5 mg, 0.03 8 mmol) and a small magnetic stirring bar, 
and a 0.5 M solution of the amine in 1 -methyl -2- 
pyrrolidinone (1 mL) was added. The vial was capped 
and heated to 50 degrees Celsius. The resin slurry 
was gently stirred for 15 hours, then the vial was 
10 cooled to room temperature. The resin was collected 
in a fritted reaction vessel and washed with 1- 
methyl- 2 -pyrrol idinone, methanol and methylene 
chloride (3X10 mL each solvent) . 

The following hydroxamic acids were 
15 synthesized from resin VII using Step 8 reaction 
conditions with the indicated amine, followed by 
release from the polymer using Step 3 reaction 
conditions . 
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9 o o 



HO, 




V/ 



Example 
Number 



Carboxylic 
Acid 



R 



MS 
(ES) 
m/z 



205 



V 



xx 



NO, 



535 
(M+H) 



206 piperidine 



2 07 morpholine 



208 dimethyl amine 



o 
o 



N 
I 

CH 3 



481 
(M+H) 



501 
(M+Na) 

441 
(M+H) 



209 



piperazme 



210 



1 -methyl - 
piperazine 



o 



TFA 



TFA 



*CH 3 



482 
(M+H) 



496 
(M+H) 
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211 ethyl 



isonipecotate | j 553 

CH 3 

Y (M+H) 



212 ethyl 0 553 

nipecotate 



O'^CH, < M+H) 



Preparation of 4- [ (4-bromoophenyl) - 
sulfonyl] tetrahydro-2H- 
pyran-4-carboxyl ic acid 




A 60% sodium hydride oil dispersion (4.0 g, 
0.1 mole) was weighed into an oven-dried 3 -necked 500 
15 mL round -bottomed flask in a nitrogen glove bag, and 



Example xxx: 

5 
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the flask was fitted with an nitrogen inlet, a 
temperature probe, an overhead stirring paddle and 
rubber septa. Anhydrous tetrahydrofuran (200 mL) was 
added to the flask, which was then cooled in an ice 
5 bath. 4-Bromothiophenol (18.91 g, 0.1 mole) was 

added dropwise, maintaining a temperature less than 7 
degrees Celsius. Vigorous gas evolution was noted 
throughout addition. After complete addition, the 
mixture was stirred for 10 minutes with cooling. 

10 Then, methyl bromoacetate (9.5 mL, 0.1 mole) was 

added dropwise, maintaining a temperature less than 7 
degrees Celsius. The reaction was stirred for 10 
minutes with cooling, then the ice bath was removed 
and the mixture stirred an additional 30 minutes. 

15 The reaction was quenched by the addition of 5 mL 

water, then solvent was removed on rotary evaporator. 
The residual oil was partitioned between ethyl 
acetate (200 mL) and water (200 mL) . The organic 
layer was washed with 5% hydrogen choride/water 

20 (1x200 mL) , saturated sodium bicarbonate (1x200 mL) 
and brine (1x200 mL) . The organic phase was dried 
over magnesium sulfate and concentrated to give 24.53 
g of the product as a yellow oil (94%) . 2 H NMR was 
consistent with the desired structure. The mass 

25 spectrum showed an m/z 2 60 (M+H) . 
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Part B: Preparation of 



CH 3 0 2 C, 




5 The compound of part A, above, (24.5 g, 

0.094 mole) was weighed into a 1.0 L round -bottomed 
flask fitted with an overhead stirring paddle and 
temperature probe, then 550 mL of methanol were 
added, followed by 55 mL of water, causing the 

10 solution to become slightly turbid. The flask was 
immersed in an ice bath, and once the temperature 
fell below 5 degrees Celsius, Oxone®(144.5 g, 0.235 
mole) was added portionwise over 5 minutes. A slight 
increase in temperature to 8 degrees Celsius was 

15 noted. The reaction was stirred with cooling for 10 
minutes, then the ice bath was removed. After 4 
hours, reversed-phase high pressure liquid 
chromatography showed a single component at 13.6 
minutes. The reaction mixture was filtered, and the 

20 solid washed exhaustively with methanol. The 

combined filtrates were concentrated on a rotary 
evaporator, and the residual material partitioned 
between ethyl acetate (300 mL) and water (200 mL) . 
The organic layer was washed with water (3x200 mL) , 

25 saturated sodium bicarbonate (1x200 mL) and brine 
(1x200 mL) , then the organic phase was dried over 
magnesium sulfate and concentrated to give 25 g of 
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the product as a tan solid. Trituration with hexane 
provided 24.3 g of pure sulfone as an off-white solid 
(88%) . X H NMR was consistent with the desired 
structure. The mass spectrum showed an m/z 293 
5 (M+H) . 



10 Part C: Preparation of 




A 60% sodium hydride oil dispersion (5.76 
g, 0.144 mole) was weighed into an oven- dried 3- 

15 necked 1.0 L round -bottomed flask in a nitrogen glove 
bag, and then the flask was fitted with an nitrogen 
inlet, a temperature probe, an overhead stirring 
paddle and rubber septa. Anhydrous N,N- 
dimethylformamide (250 mL) was added to the flask, 

20 mechanical stirring was initiated, and the mixture 
heated to 50 degrees Celsius. A solution of the 
compound of part B, above, (17.59 g, 0.06 mole) and 
dibromodiethyl ether (14.5 g, 0.06 mole) in 40 mL of 
N,N-dimethylformamide was added dropwise to the 

25 sodium hydride slurry, maintaining a temperature 

between 50-55 degrees Celsius and a steady evolution 
of hydrogen. After complete addition, the 
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temperature of the reaction mixture was increased to 
65 degrees Celsius, and the mixture was stirred for 2 
hours. The flask was then cooled to room 
temperature, and the flask was immersed in an ice 
5 bath. When the temperature fell below 20 degrees 
Celsius, 0.5 L ice water was added. 

The mixture was transferred to a 4.0 L 
separatory funnel, an additional 1.0 L of water was 
added, and the mixture was extracted with ethyl 

10 acetate (3x2 00 mL) . The combined organic layers were 
washed with 5% hydrogen chloride/water (1x200 mL) , 
saturated sodium carbonate (1x2 00 mL) , and brine 
(1x200 mL) , dried over magnesium sulfate, and 
concentrated in vacuo to give 18.2 g of crude product 

15 as a yellow semi-solid. Recrystallization from ethyl 
acetate/hexane gave 6.53 g of pure product as tan 
crystals (30%) . *H NMR was consistent with the 
desired structure. The mass spectrum showed an m/z 
363 (M+H) . 

20 Part D: Preparation of the Title compound 

A solution of the compound of part C, 
above, (4.57 g, 12.6 mmol) in 50 mL of dry 
tetrahydrofuran in an oven-dried 100 mL round- 
bottomed flask was stirred at room temperature under 

25 nitrogen, and 4.84 g of potassium trimethylsilanolate 
(37.7 mmol) were added in one portion. The mixture 
was stirred for two hours, then 10 mL of water were 
added dropwise. The volatiles were removed in vacuo, 
and the residue partitioned between 100 mL ethyl 

30 ether and 100 mL water. The aqueous layer was 
acidified to a pH value of less than 2 using 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-541- 

concentrated hydrogen chloride, causing a white 
precipitate. This mixture was extracted with ethyl 
acetate (3x75 mL) , and the combined ethyl acetate 
layers were dried over magnesium sulfate and 
5 concentrated in vacuo to give 4.15 g of pure product 
as a white solid (94%). X H NMR (CDC1 3 /CD 3 0D) 2.10 
(m, 4H) , 3.28 (m, 2H) , 3.90 (m, 2H) , 7.60 (m, 4 H) . 
The mass spectrum showed an m/z 349 (M+H) . 

10 Step 9: Attachment to Resin I: 

Preparation of Resin IX 
Following the procedure outlined in Step 1 
before, 3.13 g of the title compound of the above 
preparation was reacted with 3.73 g of resin I to 

15 give 5.19 g of polymer-bound hydroxymate as a tan 

polymeric solid. Theoretical loading on polymer was 
0.86 mmol/g. FTIR microscopy showed bands at 1693 
and 3332 cm' 1 indicative of the hydroxamate carbonyl 
and nitrogen -hydrogen stretches, respectively. 

20 

Step 10: Palladium Catalyzed Reaction 
of Resin IX with Boronic 
Acids: Preparation of 

fre?in VII 

25 Into an 8 mL glass solid phase reaction 

vessel was weighed resin IX (50 mg, 0.043 mmol) . The 
resin was washed with dry dimethoxyethane (2x3 mL) . 
A 0.017 M solution of the palladium tetrakistriphenyl 
phosphine (0.6 mL, 0.01 mmol) was added to the vessel 
30 followed by a 0.6 M solution of the boronic acid in 
1:1 dimethoxyethane /ethanol (0.6 mL, 0.36 mmol) and 

SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



10 



15 
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a 2M solution of potassium hydroxide in water (0.4 
mL, 0.8 tnmol) . The vessel was maintained under a 
positive pressure of argon and heated at 90 degrees 
Celsius 16 hours. The vessel was cooled to room 
temperature, then the resin was drained and washed 
with l-methyl-2-pyrrolidinone, 1 -methyl -2- 
pyrrolidinone/water (1:1) , water, acetic acid/water 
(1:9), methanol, and methylene chloride (3x3 mL each 
solvent) . 

The following hydroxamic acids were 
synthesized from resin IX using Step 10 reaction 
conditions with the indicated boronic acid, followed 
by cleavage from the polymer using Step 3 reaction 
conditions. 




Example 
Number 



Boronic Acid 



MS 
(ES) 
m/z 



213 



phenylboronic 
acid 



362 
(M+H) 



214 



3 -nitrophenyl- 
boronic acid 



XX 



424 

(M+NH 4 ) 
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215 



thiophene-3- 
boronic acid 



T) 



368 
(M+H) 



216 



4 - chlorobenzene 
boronic acid 




a 



413 

(M+NHJ 



217 



4 -methyl - 

benzeneboronic 

acid 



414 



(M+K) 



218 



4- (2- 

pyrrol idinyl - 
ethoxy) - 
benzeneboronic 
acid 



476 
(M+NHJ 



219 



3- (tri- 

f luoromethyl) - 
benzeneboronic 
acid 



"XT 



430 
(M+H) 



220 



4-f luoro- 

benzeneboronic 

acid 



"O. 



418 
(M+K) 



221 



4- (tri- 

f luoromethyl) - 
benzeneboronic 
acid 



447 

(M+NHJ 
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222 4-fluoro-3- 
methylbenzene- 
boronic acid 

223 3, 4 -dimethyl - 
benzeneboronic 
acid 

224 1-naphthylene- 
boronic acid 

225 2 -methyl - 
benzeneboronic 
acid 

226 4-t-butyl- 
benzeneboronic 
acid 

227 2-naphthylene- 
boronic acid 

228 3-formyl- 
benzeneboronic 
acid 

229 benzofuran-2- 
boronic acid 




411 

(M+NHJ 

407 
(M+NHJ 

412 
(M+H) 

376 
(M+H) 



418 
(M+H) 



412 
(M+H) 

390 
(M+H) 



419 
(M+NHJ 
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acid 




230 2-formyl- cho 390 

benzeneboronic "'"'Sl^ (M+H) 

acid 



231 4-formyl- r _ 390 

benzeneboronic \jjs^ (M+H) 



XHO 



232 3-amino- S^^.^ 377 

benzeneboronic T T ^ (m+H) 



acid 



Example 233: Preparation of Monomethanesulfonate 
salts: N-hydroxy-4- [ [4- (phenylthio) 
phenyl] -sulfonyl] -1- (2-propynyl) -4- 
piper idine - carboxamide , 
monomethanesulfonar.fi 




10 

First Praparam^ 

Part A: A solution of the compound of 
Example 9, Part J (2.1 g, 4.5 mmol) in warm H 2 0 (200 
mli) was admixed with NaHC0 3 at ambient temperature. 
15 After stirring for 20 minutes, the resulting white 
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solid was isolated by filtration, washed with water 
and dried at 37 degree Celsius in a vacuum oven to 
afford the free base of the title compound as a white 
solid (1.7 g, 86%); Anal, calcd for C 21 H 22 N 2 O 4 S 2 0'3%H 2 O: 
5 C, 57.86; H, 5.23; N, 6.43; S, 14.71. Found: C, 57.84; 
H, 4.96; N, 6.39; S, 14.89. 

Part B: Methane sulfonic acid (0.28 mL, 4.1 
mmol) was added to a solution of the free base of 
part A (1.6 g, 3.7 mmol) in methanol (10 mL) at 
10 ambient temperature. After 3 hours, the resulting 
solid was isolated by filtration, washed with 
methanol, and dried at ambient temperature in a 
vacuum oven to afford the monomethanesulf onate titled 
compound as a white solid (1.6 g, 81%): Anal, calcd 
15 for C 21 H 22 N 2 0 4 S 2 ' CH 4 0 3 : C,48.51; H, 5.18; N, 5.14; S, 
17.66. Found: C, 48.88; H, 5.15; N, 5.23; S, 17.81. 

Second Pr gp^r^Mr^ 

Methanesulfonic acid (0.91 mL, 14 mmol) was 
added to a solution of the protected hydroxamate of 
Example 9, Part I (6.0 g, 12 mmol) in methanol (37 
mL) under a nitrogen atmosphere. After 1 hour, the 
precipitate was isolated by filtration, washed with 
methanol, and dried at 40 degrees Celsius in a vacuum 
oven for 1 day to afford the monomethanesulf onate 
title compound as a white solid (5.5 g, 89%) 
identical to the material from Example 233, First 
Preparation. 

Methanesulfonate salts of the other cyclic 
amine compounds disclosed herein can be similarly 
prepared using the methods of the above two 
preparations. 
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Example 234-280: 

The compounds of Example 234-280 were 
prepared as described for the compounds of Example 
5 129-199. 




- MS (ES) 



Example Resin Amine 
Number 



234 ivb N-methyl 

homopiperazine 

235 IVb 6,7-dimethoxy- 

1,2,3,4- 
tetrahydro- 
isoquinoline HC1 

236 IVb tetrahydro- 

pyridine 

237 IVb R- 3 -hydroxy - 

piperidine HC1 



238 IVb phenyl - 

piperazine 

239 IVb benzyl - 

piperazine 

240 iva methyl 

homopiperazine 

241 iva 6,7-dimethoxy- 

1,2,3,4- 
t e tra hydro - 
isoquinoline HC1 

242 IVa tetrahydro- 

pyridine 

243 IVa R-3-hydroxy- 

piperidine HC1 




m/z 



509 
(M+H) 



588 
(M+H) 



478 
(M+H) 

496 
(M+H) 



557 
(M+H) 

571 
(M+H) 



509 
(M+H) 



588 
(M+H) 



478 
(M+H) 

496 
(M+H) 
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phenyl - 
piperazine 

benzyl - 
piperazine 



hydroxyethyl- 
piperazine 

l-(2,3-xylyl)- 
piperazine HC1 



KD-O 



OX) 




557 
(M+H) 

571 
(M+H) 



525 
(M+H) 

585 
(M+H) 



1- (4-methoxy- 
phenyl) - 
piperazine 2HC1 

l-<3- 
chlorophenyl) - 
piperazine HC1 

1- (m-tolyl) - 
piperazine 2HC1 



1- (2 , 5 -dimethyl - 
phenyl) piperazine 



1- (p-toyl) - 
piperazine 2HC1 

1- (3-methoxy- 
phenyl ) - 
piperazine 2HC1 

1- (3 , 4-dichloro- 
phenyl ) piperazine 

1- (2-methoxy) - 
piperazine HC1 



nipecotamide 



isonipecotamide 



1- (2- (2-hydroxy- 
ethoxyethyl) - 
piperazine 

1- ethyl - 
piperazine 



} — N 




a 




|-nQn 

< — N N 





587 
(M+H) 



591 
(M+H) 



571 
(M+H) 



585 
(M+H) 



571 
(M+H) 

587 
(M+H) 



625 
(M+H) 



587 
(M+H) 



523 
(M+H) 



523 
(M+H) 

569 
(M+H) 



509 
(M+H) 
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(H+W) 
99* 

(H+W) 



(H+W) 
*3S 



(H+W) 
60S 



(H+W) 
80S 



(H+W) 

(H+W) 
6L* 

(H+W) 
*9fr 



(H+W) 
86* 



(H+W) 
S9S 



(H+W) 
80S 



(H+W) 
*6* 



(H+W) 
109 



(H+W) 
I6S 



I 

HO S — N 

o 

H Y N ^ 

o 



Q 



y 



I 



-/ 




x 




A. 



1 O 



A 




•T^TT^T^^sui-N qAI 



loweipa 



loueqaa 



sutp-paadid 
-lAqaa-3 qAI 

auxpTjrgdxd (ouxuie 
-lAq^sui) 
-*-l/q^sui-x qAI 

SITJ^TUSUTUeie 

-S-T^sui-n qAI 

9UTUiBiA6:redoad 

-I*H33ui-n qAI 



TDH 

euTToqdaouio-cq^ qAI 



auTiiieiAmsxp 
- (lAq^sui 
-lApTjrsdxd-z) -n qAI 



9UTptJ8dTd 

-XXq^9uiTp«s't qAI 



suTpxjedxd 



qAI 



-Axoinaui-fr) -x qAI 



TDH auTzeiadxd 
- ( lAusqdoaoxqo 

-Z) - 1 qAI 



EL3 



3L3 



T£3 



OLZ 



69Z 



893 



Z.93 



993 



S93 



*93 



E93 



392 



193 



093 
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(92 3inU) 133HS HlOLUSOnS 



: eee-Eie axdmpxa 

xoj AxsnoxAaad passnosxp '£ da^s Buxsn .xamAxod 
atp uioag aBPAPaxo Aq paMOXlog 'pxoe oxucxcoq pa^poxpux 

atp HIT* 01 da^S Buxsn xi uxsatf uiojig pazxsaqquXs s 
a:raM spxoi? oxuiracipAn 6uxmoxioj aqx 

: 883-X82 axduiexa 



(H+W) 
80S 



(H+W) 
Z9S 



(H+W) 
SZS 



(H+W) 
ITS 



(H+W) 
S8S 



(H+W) 
S8S 



(H+W) 
LLS 




auxpxjedxd 

TAtn9urcp-9'2 qAI 082 



-TAxsijotdAo-t qAI 6LZ 

QuxuiBxpsuaxAqaa 

-3U9lAq39Ul 
-N-I^H^axp-N'N qAI BLZ 



suxumxp 
-auaxAq^s- ,n 

-lAinamip-N'N qAI LLZ 



auxzpjadxd 
-(lAxpa 

-lAusqd-z) -i qAI 9LZ 



auTZEasdxd 
-(lAt^a 

TAuai{d-T)-T qAI SLZ 



auxpxjadxd 
- (xXq^sui 
-ouxpxaadxd) -z qAI *LZ 



-oss- 
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(H+W) 
91* 



(H+W) 
861- 



(H+W) 

oe* 



(H+W) 
90* 



(H+W) 
SS* 



(H+W) 
80* 



(H+W) 
Z6Z 



(H+W) 
Z6C 




XX. 




i 



o tuo jioqauazusq 

oxuojoqauszusq 
( lAqiamojtoni; jxa^ ) 
-sxq-g'e 



oiuojioqsuszusq 
• I Aq 3 suio on-[JT^^-2 



pxoe oxuoaoq 
-auezuaqAxoqapo- ^ 

pxoe oxuoaoq 
suazusq 

pxoe 
OTUOJoqauszueq 
-o-pqmAq^aui-^ 

pxop 
oiuoaoqauezuaq 
-Axoq^eui- £ 

PTOB 

o xixxroqauezuaq 
-Axoq^eui-^ 



882 



L3Z 



9BZ 



SBZ 



VBZ 



ZBZ 



ZBZ 



TBZ 



z/ui 

(sa) 



PTDP OTUO^OH 



JtaqumN 
eidurexa 
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(H+W) r ]| a:*pupAoosx 

H . 683 

z/ui 

(HVJ) jcaquinfl 
SW H a^pupAoosi aiduipxa 



o 




•e da^s ut suox^xpuoo uox^opaa aq:* Buxsn jtamAxod 03 
aqi uiojcj 9SP9"[sj Aq psMonoj 'aiPupAoosx panpoxpux 
it da^S Buxsn om uxsan uiojcj pazxsaqauAs 
aj;aM spxop oxuipxojipAq Buxmoxtoj aqj, 



• (auaA"[os ST 
qopa qui TX€) apxjtomo auaTAqnaui pup T°upq}aui 
'aa^PM/pxop ox^aop 6^1 'JianPM 'aa^PM/auouxpxTOjtaAd 
-3-T^q^ui-T T-I 'auouxpxToxiAd-e-TAq^aui-T q^T* 
paqsPM pup pauxpjcp spm uisej aq^ pup ' ajm^pjtaduia:* 

uiooj paxooo spm jassaA aq:* 'uaqj, -s:moq oi 
8fr aoj snxsxao saajtBap OS oq pa^paq pup ';ca3{pqs 
do^axqpa ^ uo pa^p^xfip 'uaBo^xu jtapun paddpo spm 
TassaA aqi, • (touiui e*'0 /f in SL) auxiupxAqiaxAdoadosTxp 

Aq paMOTioj pappp spm (touiui efr'O 
'qui t) suouxpxToa^Ad-3-T^^9ui-T ux a^pupAoosx aqa S 
go uopnios w efr'O Y ' (touiui z^O'O 'Biu OS) oill uxsan 
paopid spm TassaA uoxnopa;c paq^uj p onui 
tltSB)! jo U6tWBda*d :il da^S 

: fr63-683 aTduipxa 



-3SS- 



LS9SV66 OAV 
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# £ da^s ux suoT^Tpuoo uox:iopa;c aqq. Buxsn JtauiAxod 
aqn uio;tj bbvbibjl Aq paMOXIoj 'aapupAoosx paipoxpux oz 
aqa II da^s Buxsn oni uxsa^ moxj pazxsaq:}uAs 

9i9M spxop oxuiPXCipAq Buxmoxioj aqj, 



• (auaATOS qopa qui ixe) apx.ioxqo 
auax^qaaui pup xouptj^aui 'jcaaPM/pxop opsoe 5:^ 'Jca^PM 
9 ;ra:}PM/auouxpx xo:i;rAd - £ - x Aqqaui - 1 x : I ' auouxpx xo;ciAd 
-3-lAqaaw-x q:*XM paqspM pup pauxpjip spm uxsa;r aq} 
pup 'a;m:}p;taduia3 uiooji 03 paxooo spm jassaA aqq. 'uaqx 
•s^noq 8fr snxsiao saa^Bap OS 03 pa^paq pup aa^pqs 

do^aiqp^ p uo pa^p^xBp spm aanaxxui uox^opaa aqj, 
•uaBcaaxu aapun paddpo spm jassaA aqq. uaqq. ' pappp 
spm (xouiui zfO 'qui I) auouxpx xojj Ad- 3 -xAqqaui-x ux 
jouaqd aqq 50 uoxqnxos w €V0 Y " (louiuu 8€*0 'Bui 331) 
a^puoq^po uinxsao pup (xouiui 8£0*0 '6ui OS) IIA uxsa;t 
paopxd spm x SSS9A uoxaopaji: pa^qx^g p o^ui 
trrssy 50 s^S^qllAg :zi da^s 

: 00e-S63 aiduipxa 



SI 



01 



(H+W) 
3* LSS 

(H+W) 
3'S9S 

(H+W) 
KI9S 

(H+W) 
E'T8S 

(H+W) 
3' LOS 





aqpupAosox 
o;ionxjx,iq-x)'x)'?o 

a^PUPAoosx 
- jAuaqdxAuaqd- ^ 

aqpupAoosx 
XAuaqdAxoqnq- ^ 

aqpupAoosx 
XAuaqdAxouaqd- ^ 

aqpupAoosx 
xAuaqdojconxj - 



*63 



Z6Z 



Z6Z 



163 



063 
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T'T Te ux pxoe OTUoaoqsuszusqxXitLiog-s 36 uoxmxos 
W T V * (IOUM ^o*0 "iui s) :tsq:ia lAq^guixp xooAx6 
aus-[Xq^9 ux (0)uinTpBiXBd(9UTtidsoqdxAusqd-cj^) -sxijBa^e^ 
30 uox^nxos w 800*0 * pue (xouiui 98*0 '£> I) XI uxssh 
H3XM ps6aBqo sem X9SS9A uox^oesa patnx-xg V 



01 



(H+W) 
S*08S 



(H+W) 
£'99S 

(H+W) 
£" frOS 





- x^usqdxp 
-AxoapAq-fr 



XouaqdxAuaqd- 1- 



Xosaao-d 



ooe 



66Z 



862 



(H+W) 
T'frZS 

(H+W) 
OSS 

(H+W) 
06* 






Xousqdcio xqo - 



XOusqdAxoq:jaui- e 



Xouaqd 



L6Z 



96Z 



16Z 



z /ui 
(HYJ) 
SW 



Xousqd 



sxdtuexa 




OH 
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uxsaa uea sp ox uxsan 50 6 £0*1 spm ohopa lit Bux/Jtp 
:ta:ijp PT^T^ 9 HX -pxop oxuo;ioqauazuaqxAui:ioj-2 joj 
pa^n^x^sqns spm pxop oxuoaoqauazuaqx^uuoj-fr ^daoxa 

'PX uiS9i jo uox:*p;rpda:id xoj paqx;tosap a;cnpaoo.id oe 
XPox^uapx aqa paMOxxoj ox uxsan 50 uox:}B:i:pda;id 

J 3X Utsa ^ ?0 U6T3telfeda:ta SifepS 353^1 

•pxxos up} 

p go Bui 5*9 papxaxX e cia^s ux paqxaosap sp qx uxsan SZ 
jo Bui 03 uo pauuioj;tad a6pApaxo v^X -6/xouaui ^8*0 
spm jcauiAjod aq^ jo Buxppox TPOT^aaoaq} aqj, -sppaq 
uxsa;t up} sp qx uxsan 50 6 zso*T sbm onopA ur BuxAap 
jraijp PI^T^ *pxop oxuoaoqauazuaqxAuutoj-s jloj 

paan^x^sqns spm pxop oxuoaoqauazuaqxAuiaog-e }daoxa 02 

'PX uis9i jo uox^papdajid jioj paqxaosap aanpaooad 
X^ox^uapx aqq paMOxxoj qx uxsan jo uoxqpjcpdajtd 

' 'qx tixsaa 36 uatfrgJbdaaa aifSoS abjtPl 

pxxos upa p 50 Bui ST 
Z'll papxaxA e ciaqs ux paqxaosap sp px uxsan jo Bui ge 
uo paiuioj;cad afipApaxo VJI "6/xoumi ^8*0 spm jcauiAxod 
aqi jo Buxppox TPOX^aaoaqq aqi -pTTOs oxjcauiAxod 
up:} p sp qonpojrd jo 6 SZO " I PT^T^ 03 ohopa ut 
pax;rp spm uxsaa aqj, - (maAxos qopa qui SXC ) ^^^^ QI 
auaxAq^aui 'xoupq^aui 'js^m 'apxuipui;cojxAq:iauixp 
'aa^PM/apxuipuiaojxAq^auixp x-I 'sppupuijcojxAqiauixp 
squaAxos jo aouanbas Buxmoxxo? sip q^xm 
paqsp/A pup pauxpap uisei aq^ pup 'ajm^pjcaduia:* uiooa 
03 paxooo spm x^ssaA aqi 'sxqa aa^jv 's;moq 9x ;toj g 
snxsxao saa^6ap 06 03 pa^paq pup uoBjcp Jtapun paxpas 
spm x^ssaA aqj, • (xoiuui z /r iui z) ^a^PM ux a^puoqapo 
uinxsao w I Aq paMOxxoj pappp spm (xouiui 9 'rp 9) 
^aqaa x^P^xp auaxAq^a pup xoupq^a go aan^xxiu 

-SSS- 



zpztz/mn/iod 



LZ9SZ/66 OM 



tee ainu) 133HS ainiiisans 



: e dans ui ajmpaoojcd aqa S2 
Buxsn JtauiAxod aq3 uioaj aspaxa-i Aq paMOxxoj ex ds^s 
ut pauxxino a-znpaoojcd aq:} 6uxmoxx°? auxuip pa^poxpux 
aqi pup apAqapxp punoq-uxsa;t pa^poxpux aq:* Buxsn 
pazxsaq^uAs a:caM spxop oxuzpxoJipAq Buxmoxxoj eqi 

02 

•apxjioxqo auax^qiaui pup x oue ^^siu 
'aa^EM 'xoupqqaui 'auouxpxxo;t;cAd-3-xAq:}aui-x • stiuaAXOs 
50 aouanbas Buxmoxxoj aq:j qixM (^uaAXOs qopa qui xxe) 
paqsPM pue pauxpjip spm uissi aqq 'sxqi aaqjv -sanoq 
Ofr x*uox}xppp up pa^pqxBp spm aj:n^xxui aq^ pup 'x^ssaA gx 
aq^ 03 pappp spm (xouiui fr-o ,r P 8*0) auouxptxoxzAd 
-S-lAq^aui-x ux apx^pAqo^oqAxo^aopx^^ uinxpos jo 
uoxqnxos w S"0 ^ 'uaqj, -s;moq e *oj aa^pqs doqaxqpq 
p uo pa^p^xBp spm ajn^xxui uox^opaa aqj, -ua6oa^xu 
;iapun paddpo spm x^ssaA aqq pup 'pappp spm (xouiui z'O 01 
'qui x) a^Puiaojoq^oxAq^auixj:^ ux auxuip aq^ jo uoxtmios 
W 2*0 V ' (xouiui ztO '0 'Bui OS) OX *o qx 'px tixsajt 
paopxd spm x 9SS9A uoxqopaa panx.13: e o^ui 
•111X ttxg^H 3f6 STSdmUAs :ei da^s 

S 

•pxxos upi 

p go Bui P a PI 8 T^ e daas ux paqx;iosap sp qx uxsan 
50 Bui 82 uo pauhxojjad a6PApaxo v^X "B/xoumi f?8*0 
spm aauiAxod sqq 50 Buxppox x^ox^a^oaq^ aqj, -sppaq 
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'uaqj, -sjnoq Joj .za^eqs do^axqB} B u ° pa^H^x6p 
sem sjmnxxui uopocaj aqn pun 'uaBoaixu jtaptin paddeo 
spm xassaA aqj, ' (loumi fr'o 'Tui fr'O) auouxpxxo:t;rAd 
-3-lAq:iaui-i ux auTuiPxAq^aiAdo^dosxip aq^ jo uox^nxos 53 
W o*T * pup (xouiui 13-0 'tui CO) auouxpxxoxiAd 
-3-xAq^aui-x ux auxuip aq^ jo uox^nxos w L'O e Aq 
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W 0*1 * uaqi ' (tiu exs) auouxpxxo^Ad- 3-lAq:jaui-x q^T^ 
paqsPM spm UIS9I aqj, * (xouiui 3fr0*0 'Bui OS) PX uxsai 
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aqt} paMoxxoj PX uxsan jo uoxq^eda^d 

__ S 

EX tixs^ go uat^gjgda^d St^g abjpq 



Z.89SZ/66 0AV 



r N ^> 3ux2Basdxd 
I ' 



(H+W) VJl I J ViL -lAuoqj^o 

09* * VdX MN \X -Axo:>nq-:>-X ox 



ZfrZ€Z/86Sfl/±3d 



(H+W) 
SZ.fr 



(H+W) 
(H+W) 



(93 Tinu) 133HS ainiLLsans 



o 



A 



o 



A 



A 



auxxoqcLtouj 



9ze 



auxpx:tadxd szz 
auxuiPxAdoad 



z /ui 
(S3? SW 



auxuip 



axduipxg 




02 



: e dais ux ajmpaocad atp Buxsn JtauiAxod aip uioa j 
aspaxa;i Aq pswonoj frx da^s ui pauxxtmo ajmpaoojid 
aq^ Butmoiioj auxuip paqpoxpux atp pup px uxsa^ Buxsn 
pazxsaq^uAs 9J3M spxop oxuiPXOJcpAq Buxmoxxoj aqx 



ST 



• OuaAios tppa qui ixe) apxaoiqo auaxAtnaw 'xouptnaui 
'jtaiPM/pxop oxqaop 6 : I '^aqPM ';ta:}PM/auouxpxxo.x:tAd oi 
-2-XAii^aui-i x^T 'auouxpxxo^Ad-e-xAti^aui-T tsquaAxos 
jo aouanbas BuxmoxxoJ paqsp/A pup pauxpjtp 

sem UTS3I atn 'uaqx # sjcnoq 8 X^uoxqxppp up paqpqxfip 
spm ajnqxxui uoxqopajr atn pup 'uaBoaqxu jrapun paddpo 
spm x^ssaA aqx - (xouiui fr*o 'Tw fr'o) auouxpxxoxzAd-z s 
-xAipaui-x ux auxiupxAqqaxAdo:rdosxxp aqq jo uoxqnxos w 
0*T b pup (xounu xe'O /f iui CO) auouxpxxoxxAd-z-xAqqaui 
-X ux atixuip aqq jo uoxqnxos w o ^ ' (xouiui 3*0 'Tw 
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* (%86 '6 Z6't) PTTOS a^xqM 
-550 ub sb pxDB ouxuib aq:> 3 at 6 03 ;raq:;a xXq^etp q:*XM 
psiBan^Taa sbm ^onpoad aqj, *onoEA uj pa^BJ^uaouoo o£ 
sbm uox^nxos aq:} 'a:cnqB:iaduia:} ^uaxqiUB }b sarmuxui 
uaa^jxj Jta^jv 'PTT°s ^3 jo uox^niossxp ui Bux^xnsaa 
' (Tui S€) Pjo* OT^soBOJonxjxa^ pappB sbm (qui se) 
apxjcoxqo auaxAq:*aui ux (xounu fr- 0 T '6 88*fr) a ^aed uiojtj 
Pxdb oxxAxoqjtBD aqi 50 uoxsuadsns b ox :o t*jcBa se 
" (%88 '6 88*fr) PTios a^xqM b sb pxoB oxxAxoqjCBD 
aqi aAxB onoBA err paxap puB uox^bj^xT? uitytidba Aq 
pa^oaiTOD sbm qoxqM 'pauuoj aiBrjxdxosjid a:*xqM v m Z 
Hd 03 spxaoxnD ua6o:tpAq pa^Bjequaouoo q:*XM paxjxpxDB 

puB ps^BJBdas sbm jcaABx snoanbB aqj, • (qui Q03) 02 
a:}B:iaDB iA^b puB (qui ooe) is^m uaaMtiaq pauox^xruBd 
sbm anpxsajt aq:} puB 'ohdpa ctt pa^Bjirmaouoo 
sbm uox^nxos aqj, • ajcniBJcaduia:* uioo;r on paxooo 
uaqi puB :inoq x snxsxao saa^Bap 09 pa^Baq sbm 

uox^nxos Bux^xnsaa aqj, • (axouiui 03X -lui 09) apxxoapAq sx 
uinxpos n Z pappe sbm (qui 0*) UBanjo^pAqBj^a^ puB 
(Tui 08) XOUBq^a 50 aan^xxui b ux (xouiui 6 'IX '6 w.'S) 
V 3-iBd jo aa^sa aq^ 30 uoxmxos b oj, :a 3-XBrf 

' (%SL '6 frO*£X) PTios Auiboj a^xqM b sb jca^sa 
apnao aq^ 3ax6 03 ohoba ur paqBj^uaouoo puB 'a^Bjxns oi 
uinxsauBBUi jaAO paxjp ' (qui OSXXZ) aux.iq puB (qui OSXXZ) 
a^Bjxns ua6o:cpAq uinxssB^od %s q^xM paqsBM ajaM saaABx 
dtubBjio pauxquioo aqj, • (qua osixe) a^BtjaoB lAma qqxM 
pa^DB^^xa sbm ;raABx snoanbB Apnoxo aqi puB '^a^BM qui 

00L o^ux paoinod sbm aan^xxui apnao aqj, • aan^Baaduiai S 
uioojt 03 paxooo uaq^ puB s;moq *z *oj snxsxao saaaBap 
08 1* pa^Baq sbm a^rmxxui Buxqxnsajt aqj, • (xouiui 
L'tZ 'Tin 0'9) auxuiBxAq^axAdoadosxxp Aq paMoxxoj 
'(Xounu x'ZS '6 e^'OT) 9Uxpxaadxd(ouxuiBxAuoq^BDAxo^nq 
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pauxpjip spm UTS3I ' sxi& aaqgv 'sa^nuxui oe xoj 

ajintipjraduia:} uiooj: ip pa^Pixfip spm Aaanxs aqx -jassaA 
aq:* 0} pappp spm (qui oz) spT^^tojxAq^auiTp/auTpT^adxd 

50 a^n^xxui fr:i p 50 auinxoA oe 
Xpuox^xppp up pup 'pauxpjip spm uxsaa aqj, -sarmuxui 5 
aoj aa^eqs do^axqp:* p uo pa:*p:}x6p pup -[assaA uox^opa^ 
parHT-z? p ut (qui uox^nxos apxuipuijiogx^q^uixp 
/auxpxaadxd p ux papuadsns spm ( xouiui 96*1 

'6 9£*Z) aAoqp v woxj AX uxsaa :g ix*a SZ 

•B/xouiui IL'O spm jtauiAxod uo Buxppox ipox^a^oaqx 
'(6 ZS'Z) PTIos ox^auiAxod up^ p sp ax uxsan aAxB 
03 (xouiui ZO'Z '6 L'T) I uxsas q^XM pa^opaj spm (xouiui 
90* '6 fz) 9ZZ axduipxa jo :}onpo;cd aq^ 'aAoqp x dans 

ux pauxx^no a^npaoo^d aq^ Buxmoxioj :v oz 
'lAX titga^ jo tiot -ap^pd^j igt d^S 

" (%T6 '6 pxxos a^xqM 

p sp punoduioo axiT3 sqi saxB 03 ohopa ctt pax^p pup 
saupxaq q^x/A paqsPM 'uox^p^xT? uinnoPA Aq pa^oaxxoo si 
spm qoxqM 'pauiaoj a^p^xdxoajd a^xqM aqx - z Hd 
03 apxjcoxqo ua6o;ipAq pa^p^uaouoo q^xM paxjxpxop pup 
pa^pjpdas spm .xaApx snoanbp aqj, - (qui 0 os) a^p^aop 
XAq^a pup (qui OOE) Ja^PM uaaM^aq pauox^x^pd spm 
anpxsa^ aq^ pup 'ohopa ut pa^pa^uaouoo spm uox^nxos oi 

aq^ 'anoq auo aa^jv " a^n^p^aduia^ uiooa 03 pauiapM 
ajn^xxui aqi pup 'paAowaa spm q^pq aox aq^ 'uoxqxppp 
a^axduioo Ja^jv -asxMdojtp (qui OS) aupxoxp ux (xouiui 
ZZ* II '6 et'Z) atlPUoqjtPD xApxuixuxoonsxAq:iauixAua:ionx3 

-6 30 uox^nxos p pappp sx uoxsuadsns paxooo s 
aqi ox -qqpq aox up ux paxooo spm (qui ooi) aupxoxp 
pup (qui 001) aa^HM * (mi S£ ) jca^PM/a^puoqjtpo wnxpos 
%0I jo aan^xxui p ux (xouiui xe'oi '6 Z6't) D -}iBd 
uiojij pxop ouxuip aq^ go uoxsuadsns v 'Q ix*d 
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*E d93S Ut SUOX^TpuOD UOXIDPSJC S3 

sqq Buxsn :iauiAxod eqq uiojcj aspaxsj Aq paMoxxoj 
'qusBpaa BuxqpxAuo^xns xo 6ux:;pxAdp paipoxpux 
sqq q^TM 9i da^s Buxsn iax uxsan uiojcj pazxssqnuAs 
3j:9m spxop oxuiPxoapAq Buxmoxxoj sqj, 
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• (^uaAios qopa 

Tui IXC) ©px^oiqo ausxAq^sui pup xotreqnaui 'JcaqPM/pxop 
oxqeop 6-1 'auouxpxxo;rjcAd-3-xAq:}sui-x 
paqsp/A pup psuxpjtp sem UTS9I aq:} 'uaqj, -sjnoq 9x 
aoj s^n^eaaduia^ uioo^ qp Jta^pqs doqaxq^ « uo paqpqxBp gx 
pue uaBo^qxu .xapun paddpo spm x^sssa aqj, • (xouiui 
23'0 Sr W Ofr) suTuieiAii^ax^oadosTTp Aq paAvoxxoj uiS3j 
aqq 03 pappp spm (xouiui 33-0 'qui x) auouxpxxoxxAd 
-e-XAti^oui-T ut quaBpajc Bux^PxAuojxns jo Bux^pxAop 

jo uoxrmxos W 32*0 g 'uaqj, • (qui XX2) auouxpxxojtaAd oi 
-2-T^q^aui-x q^XM paqsPM spm (xouiui EfrO'O 'Bui 
OS) IAX uxssh 'x^sssa uoxqopazc paqqxjtj p ui 

1 IAX Liis^h Jo 
uoxqpxAuojxns/uox^PxAov =91 

S 

* (6 0E"2) PTIOS ox^suiAxod upq 
p sp pauxp^qo spm utgbx axixq aqq 'onoi?A ut BuxA^p 
•za^JY ■ (quaAXOS qopa ^ 0ZXZ ) ap T :coxqo auaxAqqaui 
pup 'xoupqqaui 'apxmpuuojx^suixp qqxM paqsPM pup 
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dHX stn jo uoxqnxos p oj, :g q-iPd 

•^S'TSS punoj 

'frZ'TSS = d x S 8 0 T N se H^D ^oj paqpxnDXPO + >HN+W (+S3) 0€ 
SWHH ' (%£6 '6 96'£) uipog: aqxqM-jjo up sp aqpwpxojipAq 
dH.1 paqnqxqsqns aqq papxAcad (saupxaq/aqpqaop 
XAqqa 'pdxxxs uo) Aqdp;t6oqpuio:iqD -onoeA ut 
paqpjtquaouoo pup 'pajiaqxTJ '*OS z *K i3ao paxjp 'auxaq 

qqxM paqsPM 'aqpqaop "[Aqqs ux dn ua^pq spm anpxsajc 53 
aqj, -onoPA itt paqpjrquaouoo spm uoxqopaj; aqx 'sanoq 
uaaqauxu xoj snxsxaD saaaBap aAxj Aqauxu qp paxzxqs 
spm Axinxs aqj, • (xouiui 91 '6 99*3) xouaqd/xoqnq-fr 
pup (xouiui '6 QZ* L) aqpuoqjtpo uinxsao pappp spm (qui 
02) apxuipqaopxAqqauixp ux (xouiui 8 '5 x*e) SS axduipxg oz 
50 qonpo;id aqq 50 uoxqnxos p oi,:v q^Pd 




" aptiiipji!Oqlfei 
-^-up^Ad-H2-AxoapAq-N-oapAqpjqaq 
[XAuogxns [xAuaqd- (AxouaqdAxoqnq 

30 uoxqpjtpdaad : axduipxa 



(H+W) f-9fr apAqapxp^ng-s ZLZ 

^o' 0 ^^ auouaqdo q a dp 




A - (Axoqqaui 

(H+W) ZLS \ -oaonxjxaq) - ^ q L £ 
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(93 3inU) 133HS 31fULLS8nS 

punoj 'ST-oes : z d z S £ O x N 9z H^D .zoj pa^^xnox^o + H+W 
(+SH) SWHH * (%L6 '6 x*H uiboj s^T^m « a^^uiPXoapAq 
dHIi paqnqx^sqris aq:* papxAo.id (sauexaq/a^iaoe xAq^a 
'poxxxs u o) Andpa:6o^PuioaLo *onoE>A irr par^jtiuaouoo sz 
pup 'pa.za3XT3 '>OS^N J9AO paiap 'auxjtq qix/A paqsEM 
'a^p^aop lAq^a ut dn U9^^ shm anpxsa:t aqj, -onoeA 
trr pa^pj^uaouoo spm uox:}DBa;c aqi, *s;moq uaa^auxu 
xoj snxsxao saajBap aAXj A:*auxu }e paxxxtis sem Aaanxs 

aqi, - (xouiui 91 'qui S6'T) xouaqd (xAqqauiojronx -ui 03 
pire (xouiui irg '6 83' L) a^uoqaeo uinxsao pappt? sem (mi 
03) apTiup^aoeiAtnsuiTp ux (xouiui 8 '6 x'E) SS axduipxa 
50 ^onpoad aq^ jo uoxqnxos p 01 :v 




SI 



apxungx»q: re3 - E - ttgJcAd^H3 - t T AuO j HIS 
- [xAuaqd [Axouaqd (xAq^auio^onxjx^^) - E] -fr] ] 

-^«AxoapAq-N-oapAqpj:^a^ 50 uox^BaBdaad : ez.e axduipxa 

01 

"9T'0Sfr punoj '9l"0Sfr 
: ^O x N^H^D JOJ pa^B T noxHO + H +W (+S3) SWHH 
' (%^8 '6 SL m Z) PTIOS a^xq/A p se punodiuoo axixi aqi 
aAxB 03 (sairexaq/auorjaai?) pazxxx^^sAaoaj sew ^onpo^d s 
aqj, -onoPA irr pa^a^uaouoo pue 'pajta^xT? '*OS^N 
JtaAo pax;cp 'jaw q^XM paqs^M pup 9^;soe xAq:*a 
q^XM pa^nxxp sew uox^opaa aqq a^n^paaduia^ :;uaxqun? 
1* sainuxm uaa^jxj ^a^gv * (Tui 03) xoueq^aui put? (qui 
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(+S3) SWHH * (%00I '6 x*fr) WP03 a:*xqM p sp a}Puipxo:rpAq 
dHl parmixisqns aq:} papxAoad (saupxaq/a^paaop x^q:*a 
'pdxxxs uo) AqdpjBoiPuicaqo -onot?A irr paipjrtuiaouoo 
pup 'pa^a^xTJ '^OS^N ^aAo pax.xp 'aux:cq qixM 
paqsp/A 'a^priaop -[Aina ui dn ua^p:* spm anpxsaj: aqi, 53 
•onoPA UT pa:*p.iquaouoo sbm uoponei aqx -s:xrioq jlxxoj 
A^uaM} aoj snxsxao saa;i6ap sax 3 A^auxu ip paaax^s spm 
Axinis 9in ■ (xouiui 9i '6 frg-g) x°uaqd (oxq:*xAq:*aui) - 1, 
pup (xouiui tz '6 83* Z.) a:}puoq.xpo uinxsao pappp spm (qui 
03) apxuip^aoPxAq^auixp ux (xouiui 8 '6 re) SS axduipxg oz 
30 ^onpo^d 9tn 50 uox^nxos b 01 :v 3-x«d 




[Axouaqdfoxq^xAqiaui) -fr]-*]] 
-fr-AxoapAq-N-cxxpAqpjcqa:; 30 uox:;pjcpda;j:d :*LZ axduipxa 



*60'9^^ punog '60*91^ 
s e d T S 9 0 T N 8T H 6I D ^03 p93B-[tlOT«o + H +W ( + S3) SWHH 01 
• (%8S '6 6'T) PTIos a^xqM p bp punoduioo ax^x^ aqi 
aAxB 03 (saupxaq/auo^aop) pazxxx*3sAioa.x spm ^onpojcd 
aqi, -onotzA ux paipjmuaouoo pup 'paaa^XTJ '*OS 2 *n 
aaAO paxj:p 'jiaqpM q:*XM paqsPM pup 9^p^9op x^q:*a 
q^XM parmxTp spm uox^opaji aq^ 'aan^pjaduia^ ^uaxquip s 
qp sa^nuxui uaa^jxj Jta^jv " (TUi OZ) xoupq^aui pup (qui 
OZ) uoxrmxos aupxoxp X3H pappp spm (qui oz) aupxoxp 
-*'T ut (xouiui fr-z, '6 6'€) V ^^d uioaj a^PuiPxojcpAq 
dHX aq^ 30 uox^nxos p oj :g 3:n?d 
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'pdxixs uo ) AqdEjBo^HuioaqD -otidba ut paqpaquaouoo 
pup 'pajtarnxj '*os 2 *N ^9ao paxjrp 'auxjq qnpw paqspM 
lAtj^a ui dn ua^e^ spm anpxsaj: sqj, -onoPA 
ut pa^pj^uaouoD sem uopo?3i am *s.inoq uaaqauxu 
jo j snxsxao saa.i6ap Aqauxu ip paxixqs spm Aaanxs 53 
aqi • (TOiuui fri '6 8'Z) aupqqawxAuaqdxpAxoapAq-fr 
pup (xouiui zz '6 fr8*9) aqpuoqjtpo tunxsao pappp spm (qui 
SI) apxiupqaopxAqqauixp ut (iouiui l '5 L'Z) SS aiduipxg 
jo rionpojid atjq 30 uoimxos e oj, :v 3-iPd 




apYWtexaq^a - fr ♦ tip^Ad- H <; - [ t^o; itis 

- [xAuaqd [Axouaqd (xAqqauiiAuaqd) -fr] -fr] ] 
-fr-Axo:ipAq-is[-o.xpAqp;i:*a:; 50 uox ip.jp da:ia -SLZ aiduipxa si 

*60*frSfr punoj 
s z S 9 O x N IZ H 6I D ^05 pa^^xnox^o + H +W (+S3) SWHH 
* (%Z.S '6 6*X) Pixos aqxqM p se punoduioo ax^T^ atp 
aAx6 03 (saupxaq/auoqaop) pazxxx^^sAaoa^ spm ^onpoad ox 
aqx -onopyv ut paqejc^uaouoo pup 'paaa^xTJ '*OS^n 
aaAO pax^p 'laq^M q:*XM paqsPM pup atjpqaop iAq:*a 
H^xm paqnxxp spm uoxqopaa aqq 'aanqp^aduiaq quaxqiup 
3P saqnuxui uaa^gxj aaqjv * (Tui 02) Toupqiaw pup (qui 
■02) uopnps aupxoxp XDH Nfr pappp spm (qui oz) aupxoxp s 
-fr ' T tix (xouiui '6 0*fr) V UPd uioaj aqpuiPXoapAq 

dHX aqq 30 uoxqnxos b ox :g upa 

•SX'80S 

punoj 'SI # 80S - 2 S <O t N 62 H^D ^03 pa^pxnotpo + H+W 
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'aux;rq q:*XM paqsp/w 'aqp^aop iAq:*a ux dn ua^p} spm 
anpxsa:i aqj, -onot?A nr paqpa^uaouoo spm uox^opajt aqj, 
•s^noq xxs ;toj sntsx^D saa;c6ap aAxj Aqauxu qp pajjj^s 
spm Aaan-[S aqx • doiuiu fri '6 8 ' Z) "[ouaqd (AxoiAzuaq) -z 
pup (xounu 12 '6 fr8'9) a^euoq^HD uinxsao pappp s^m (qui 53 
02) apxiup^aopiAq^auixp ut (-[ouiui l '6 z,'2) (SS aiduipxa 
jo ^onpoad aqi jo uox^njos b oi:v UPd 




02 

ap tmpxftq^ - - UgJtAd - a g 

• [lAuojxns [TAuaqd(AxouaqdAxo;ipAq-fr) ] 
-^-AxoapAq-N-ojipAqBa^a^ jo uox^aeda^d :9Z>£ a-[duipxa 

•SI*89fr punoj 'ST'89* SI 
• T S 9 0 T N S2 H S2 0 JO j pa^Pino T HD + H +W (+S3) SWHH 
* {%L9 '6 S6*I) PTTOS a^xqM p sh punoduioo aj^x^ aq:* 
aAx5 03 (saupxaq/auo^aop) pazxxieasAjoa^ spm ^onpojcd 
aqj, 'onoeA ut pa^pjttmaouoo pup 'paaa^TJ '*OS 2 ^N 

aaAo pax^p 'jiaqpM q^x/A paqsPM pup a^p^aop xAq^a oi 
q^x/A pa^nxxp spm uox^opaa aq^ aan^paaduiaa auaxquip 
3P sa^nuxui uaa^gxg aa^jv * (Tii 91) "[oupq^aui pup (qui 
91) uox^nios aupxoxp xoh Nfr pappn spm (mi 91) aupxoxp 
-fr'T ut (xouiui |r -9 '6 s'E) ¥ ^JPd uicuj a^puipxo^pAq 

dHL aqi jo uox^nxos p oj, :g UPd s 

punoj 'I2-3SS : T S *O T N"H 0€ D xoj paqpxno-[Po +H +w (+S3) 
SWHH * (%96 '6 Z,"E) uipoj MOnaA 3q6x-[ p sp a^PiupxojipAq 
dHI pa^n^xqsqns aq^ papxAOJtd (saupxaq/a^p^aop lAqqa 
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uinxssB^od pus (xouwi o* '6 o'S) TOuaqdoxq^AxoapAq 
-fr 30 uoxsuadsns b 01 :v ixva 




-^-ucaAd-HZ- [xAuojxns- [-[Auaqd 
- [Axouaqd [oxqn (T.Aq:}aT.Aq3aui-T) ] -fr] -fr] ] 
-fr-Axo.xpAq-N-oapAqB;t:ia:} 50 uox^Baedaad 



punoj 'SI* 89^ : I S i O T N 6T H 8I 0 xoj pa^BTnoxso /HN+W 
(+S3) SWHH * (%8Z. '5ui 018) PTios a^xqM b sb punodtuoo 
9X^X3 9T4^ 9AX6 0} (SSUBXSq/SUO^SOB) pszxxxB^sXaosj 

sbm qonpoad aqj, -onoBA tix pa^Ba^uaouoo 
pus 'pajta^fxg '-"OS^N JSao pax;cp 'auxaq 'sauix} 
ssaq^ aa^BM q^xw paqsBM sbm ^obj^xs a^B^aoB lAqtja aqj, 
•a^B^soB TAqqa q:;xM pa^oea^xa puB (qui ooi) aa^BM q:jxM 
pa^nxxp 'paxooo sbm uox^oBa^ aqj, -sa^nuxui A^uaiv.^ jcoj 
snxsxaD saaaBap Aqxxs 03 pa:jBaq sbm uox^oBa^ aq:} puB 
CTui S) XDH pa^Ba^uaouoo pappB sbm (qui s) Pxob ox^aoB 
XBXOBxB ux (xouiui *9' Z '6 s-T) V Wd uiojcg aqeurexoapAii 
dHi sqi 30 uox^nxos b oj, :g r^Bd 

*CS'S8S 

punoj 'ez'S8S : X S 8 O T N EE H 0E D ^05 paaBTnoiBO + *HN +W 
(+S3) SWHH * (%66 '6 ^6 " e) UIB05 a^xqM b sb a^BuiBxoapAq 
dHi paan^x^sqns aq^ papxAcxd (sauBxaq/a^e^aoB 
XAq^a 'boxxxs uo) AqdBj 605 buio jc qo * ono ba 
ut pa^BJ^uaouoo pub 'paja^rxj '»os z bn xsao paxjqo 



SZ 



OZ 



SI 



01 
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'6 ZZ'Z) PTT°s aqxqM 330 up sp punoduioo 9^1^ aq^ 
9at6 03 (saupxaq/auoriaop) pazxxiPlsAaoajc spm tjonpojcd 

aqi # onot?A irr pa^pjc^uaouoo pup 'psis^nj "OS^N oe 
jraAO paxap 'J9;cm qnxM paqsPM pup arip^aop x^q^a 
qnxM pa^nxxp spm uopDB9i aq:* 'aanipjcaduia:; ^uaxquip 
}p ss^nuxui uaa^jxj jlb^jv • (qui 81) xoupq^am pup (qui 
81) uox^nios aupxoxp XDH Nfr P^PP* spm (qui 81) aupxoxp 

-*'T ut (Touiui '6 6 # E) Y cured uio^j a^piupxoapAq 53 

d&l sq3 jo uox^nxos p ox =D 3:r*d 

punoj '8T'9ES : e S <-0 T N EE H 92 D ^03 p9^Pxno-[PD + H +W 
(+S3) SWHH ' (%L6 'B ST'fr) UIP03 a:*xqM p sp atlPuipxojpAq 
dHl ps^n^T^sqns aqi papxAOJid (saupxaq/a:*p:}aDP i^q^a 03 
'pdtxjs uo) Aqdpj:6o^PuiojqD -onopA irr pa^pj^uaouoo 
pup 'paaa^XT3 '*OS e ^N ^3ao paxap 'aux;tq q^xM paqspM 
'a^p^aop lAq^a ux dn ua^p^ spm anpxsa:i aqj, -onot?A 
ut paripjctuiaouoo spm uox^opajc aqj, -s:moq uaa^3X3 

j.oj snxsiao saa;t6ap aAX3 A^auxu }p paxzxns spm si 
Aajmis aqi, ■ (xoumi 91 '6 L'Z) Y Wd wozj jouaqd aqi 
pup (xouiui '6 qz'L) e^PuoqaPD uinxsao pappp spm (qui 
03) apxuip^aopxAqiauixp ux (xouiiu 8 '6 X'E) SS axdiupxa 
30 ^onpo^d aqq 30 uoxmixos p oj, :g 3-ZPd 

' (%9Z. '6 i-g) XTO 01 
ssax^oxoo Jtpaxo p sp xouaqd pa^n^x^sqns aqi papxAo:cd 
(saupxaq/a^p^aop iAx&b 'pdxxxs uo) Aqdpa6o^puio^qo 
•onaPA uj pa^paquaouoo pup 'pa^a^xT3 '*OS 2 hn 
JiaAO pex:rp 'aux.xq 'uoxtmxos XDH %0I ^3^m q^XM sauixq 

OMq paqspM 'a^p^aop x^H^ tix dn uar^Pi spm anpxsaj g 
aqi, -ohopa trr paip^uaouoo spm uox^opaa aqj, -jinoq 
auo ^03 aan^po:aduia^ ^uaxquip ^p paaax^s spm Ajijitixs 
aqi, • (xouiui ifr '5 o'Z,) supdoadopox-3 pappp spm (qui 
0L) 9pxuiPtuao3xAq^auixp ux (xouiui 8S '6 0*8) a^uoqjtpo 
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put? 'paaa^xu '*OS e *?N isao paxap 'aux;cq 'jcetjBM 'sauix:i 
jcnoj uox^nxos apxxo:tpAq umxuoiuure %s q:*™ paqs^M 
spm aaA^x dxu^Bjio aqx "apx;toxqo auaxAqaaui ihtm 
paaop^xa scm uox^DBa^ aqx -s=Hd aqi TT^un pappp ss?m 
uox^nxos pxop oxjroxqoojxpAq N9 pup pexooo sbm uopoesj 53 
aqx -s;mon .inoj aoj snxsxaD saa:i6ap A:*xts 1* psa^x^s 
spm Aa^nxs aqx • (xouiui 59 'qui 93) uox^nxos apxxo.xpAq 
uinxpos pappp shav (qui 03 ) J9 ^ m pUE ( Tai 03) 

au^xoxp-^'x ux (xouiui qz '£> L'6) V 3:red uioaj punoduioo 

Axodo;idosx aq^ 30 A^anxs e 01 :g a:rea OZ 

' (%S6 '6z.'6) PTTOS 
ApjiB 3q6xx ^ sp punoduioo Axodo:cdosx aqi PXaxA 03 
onoe>A uj pa^^uaouoo put? 'pa^a^xxj '*OS^N .xaAO pax.xp 
'aux;rq 'sauixa aajcq:; is^bm q^xM paqs^M 'ar^so*? X^na 
ux dn ua^p} spm anpxsajc aqx -onoevY ur pa^Ba^uaouoo sx 
ST2M uox^opa^ aqx -jinoq auo jloj snxsxao saa^Bap 
aAXj A:*xxs 3T? paaj:x^s scm Axxnxs aqx * (xouiui OS 
'«iui s) auedojtdopox - z pun (xouiui 09 'B e # 8) a^uoqano 
uinxss^od papps spm (qui 99) apxuip^aoPxAq^stuxp 

ux (xouiui o* '6 -xa^saxAuaqdAxojtpAq oi 

'pxoe oxozuaq 30 uox^nxos b ox :y 




,0H 



apxuipxoqjBS - - trej tAd - 3 - [ ? AuOj t ns 
• [x^uaqd(Axouaqd(Axoq^axAq^aiu-x) -fr] -fr] ] 
-^-AxojpAq-N-ojpAqBaiaq 50 uox:n-?;n2da;td -8/.e axduipxa 



'ZT'ZS^ punoj 'ZX'ZS* 
z S 9 O l R sz U lz D xoj pa^^xnox^o + H +W (+S3) SWHH " (%TL 
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apidlEXciqJES 

- [Axouaqd [lAq^euioaonxjT^^) ] -fr] -fr] ] 
-fr-AxojipAq-N-ojpAqEaia:} 50 uox^EJEdaJid :6Z.E aiduiExa 

'tZ'9ZJ? punoj '^i-9e^ 
s WWD J03 pa:)ETnOT,ED +H +w (+sa) SWSH • (%08 sz 
'6 z'Z) PTIos a:}xqM 330 we se punoduioo ST.3X3 aq:j 
3at6 03 (sauExaq/auorjaoE) pazxiTEqsAjtoaj sew ^onpojcd 
aqj, 'onoeA ut ps^B^^usouoD pue 'paaa^-[Tj ' fr 0S e EN 

pST^p '.Xa^EM q^XAV paqSEM pUE a^ErjaOE lAt^S 

qtix/w patmiTP se« uopoBw aq:j ' sjn^BJsdius^ ^uaxqure 03 
3E saqnuxiu 113333x3 as^gv ■ (Tui LI) TOUEqisui pus (tui 
iT) uoxqnTOS suExoxp XOH Ni- psppe sem (qui ^i) auExoxp 
-fr'T U T (Touiui L'S '6 S'C) D :UEd uiojj a:>EuiExo;tpAq 
dHJ, am 30 uoxtmTOS e 01 :q tjjEd 

•02'03S punoj : X S 8 0 T N EE H 9Z D SI 

aoj pa^inoipo + H +W (+S3) SWHH * (%88 '£> S9*E) 
WE03 a^xqw 330 ue a:iEuiExo;ipAq dHi ps^n^x^sqns 
3qq pspxAcxtd (sauExaq/a^EtjaoE tAq^s 'Eoxfcs uo) 
AqdBaBoqeuiojqo -otxoba ut paaEarjuaouoo pue 'psas^xxg 

'*OS z m JSAO pax;tp 'aux;tq 'sauix^ ssxq:; q:}XM 01 

psqsE/A 's^c^aoB TAq:*3 ut dn usxe:} sem anpxsa;t sqj, 
•onoEA itt patjEJrtjuaouoo sem uot^desj sqj, -sanoq auo 
Aiubmz\ aoj snxs-[aD saaaBap aATj A^auxu :je psxxxtjs sem 
Aa;mTS sqi • (touiui 91 '6 \'z) a 3-xed uioaj Tousqd aq:i 
pus (xouiui '6 QZ'L) a^Euoq^EO uinxsao papps sem (hu s 
02) apxuiE^aoEiAq^auixp ux (Tpwui 8 '6 re) gs aTduiExa 
30 ^onpoad aq^ 30 uox:jn"[os s oj, 13 ^jsd 

' (%*6 '6 KS) TT° 

jaquiE ue se Touaqd aq:* piaxA o:j ohoea ctt pa^E^^uaouoo 
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pa^nxxp spm anpxsa:i aqj, -onopA ixt paAomaa xoupqaaui 
aqi pup paxooo spm uoxqopajt aqj, -sanoq 
snxsxao saa:t6ap anoj A:*uaAas }p pajucx^s spm Axxnxs 
sqi ' (loui f,-Q /r rui 091) uoxtmios apxxoapAq uinxpos 
MS" 3 psppe spm uipaa:*s uaBojrixu aopj:msqns p qixM 53 
(TUi 0IS) Ioupq:*aui ux (xoui 61 '0 '6 o'S9) a ^pd moxj 
a^puipqjrpooxqi aq:; 30 uoxtmxos b 01 o ijcvz 

' (%00T '6 0Z,) PTIos UMo;cq p sp a^puipqapooxq:* 
aq:} pxaxA a^napaaduia^ :}uaxquip 04 auipo uoxao^aa 
aq:} pup paAOiuaa spm }paq aqj, -snxsxao saa.i6ap A^xq^ oz 
paapunq aajrqq 03 pamiaq^oxa uopoeai aqj, -pxaxqs 
A:}ajps p puxqaq sa^nuxui A^Jtxq^ jloj snxsxao saaaBap 
uaa^uaAas paapunq aajcq^ 03 pa:*paq spm (xoui z'O '6 
0L) V ^Pd uioaj punodiuoo ouoxq:} aqj, :g ^pj 

" (%00I '6 0*Z,9) PTT°s ^ sp punodiuoo si 

ouoxq:} aq:} papxAoad a^p^xdxoa^d Bux^xnsaa aq:} 50 
uox^p^^XTS uinnDPA (1 X) uoxmxos pxop oxjtoxqoo.zpAq 
%0X o^uo pa;mod spm uopopsi aqj, -sanoq uaa^xxs 
aoj a^n^p^aduia^ ^uaxquip ^p paaax^s spm uox^opaa 
aqx -pappp spm (tui 0 0I) apxuipuucojx^^^uixp Axp oi 
ux (xoui 6S3-0 '6 (T3E) apxjcoxqo lAouipq:tPDoxq:}xAq:}auixp 
30 uox^nxos p 'saanuxui uaa^jxj ^a^jv ' snxsxao 
saa^Bap o^az :}p (qui osi) spTuiPmaogx^nsuixp Aap ux 
(TOiu L6I"0 '6 O'OS) xouaqd- [Axouaqd (xXq^auioaonx jxa^) 

50 ucx^nxos p 03 pappp spm (xoui s 
SLZ'O '6 * II) (uoxsaadsxp XT° %09) apxjpAq uinxpos 
'uafiojcnxu .xapun ^uaiudxnba Aap ui :v UPJ 




Z.89SI/66 0M 



(93 3inu) 133HS aiauisans 



a;caM sx^qsA^o Buxqxnsajt aqj, -aanqpjtaduaaq quaxquip 
oq Axmois paxooo pup xToq ^ oq paqpaq spm uoxqopa:i 
aqi -s:moq aAxaMq aoj a:mqp;iaduiaq quaxqmp qp pa;c;txqs 

spm (tui q Z ) uoxqnxos aupxoxp ux pxop ox;toxqoo;rpAq oe 
Nfr pup (tui 099) X°upqqaui ux (xoui 3£e*0 '6 ZS'6Xl) d 
qapd uioaj auogx^s 9t n j 0 uoxqnxos v =3 q:tPd 

* (%00I 

'6 0'09) PTIos aBxaq p sp auojins aqq 9ax6 oq onoeA 
ur paqpjcquaouoo pup 'pa;raqxxg '*0S6w jcbao pax;ip 'auxaq 53 
'sauixq aa;iqq .xaqPM qqxM paqsPM a;taM sqopjtqxa pauxquioo 
aqi, * sauixq Jinoj aqpqaop ^Aqq© qqxM paqopjtqxa 
spm Aaanxs aqi 'onoPA irr paqpaquaouoo spm aqpjtqxxj 
aqj, "aqpjiqxxj ®£R oq pappp spm (qui 0S£) .xaqPM 
uaqq pup up;rnjo;tpAqp;iqaq qqxM xt^m paqsPM spm a^fpo qz 
aqq pup pajiaqxxg spm uoxqopaa aqq 's;moq OMq aaqjv 
•paqou spm SRXSX9D saa;t6ap OMq Aqjtoj oq uuaqqoxa uv 
•snxsxao saaaBap Aquawq qp (xoui 86fr*0 '6 9oe) ®9uoxo 
pup (Tii sf.) jtaqPM pappp spm (qui 0LZ ) upjcnjo^pAqpaqaq 

ux (xoui 99X'0 'Bsfr'^S) 0 qjpd uioaj pxop sx 
oxqaopoxqq aqq 30 uoxqnxos e 01 :q q^Pd 

' (%86 '6 o*X9) PTIos upq p sp pxop oxqaopoxqq 
aqq aAx6 oq ohopa ut paxap pup pa^aqxxj '*0S z *?N 
aaAO paxap 'auxaq '.laqpM 'pxop oxaoxqoo^pAq NX'O 
qqxM paqsPM 9I9M sqopjtqxa aqpqaop x^qqa pauxquioo aqi OX 
•sauixq jxvloj aqpqaop jA^b qqxM paqopjtqxa spm A:t;mxs 
sqx 'X=Hd aqq xj^un pappp spm pxop ox^oxqoo^pAq 
N9 pup paxooo spm uoxqnxos aqq 'sanoq aAxaMq 
aaqjv -paAouiaa spm uipa;tqs uaBoaqxu aqq saqnuxui 
Aq^xqq aaqjp pup a^nqp^aduiaq quaxquip up paxixqs s 
spm uoxqopa;c aqj, -pappp spm (xoui si' 0 '6 3-33) 
aqpqaopoaoxqo uinxpos pup uoxqnxos snoanbp aqq oq 
pappp spm uaBojcqxu 30 uipajtqs aopjjmsqns v * sauixq jlxxoj 
jtaqqa x^^TP ps^OBaqxa pup {rjw 0 0X) ^aqPM qqxM 



-6LS- 



tfI€I/86Sfl/JOd 



LS9SV66 OM 
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aqxqM v sv ptde ox xAxoq:iPo am aAx6 oq pax.xp put? 
pajtaqixj ptxos Buxqxnsaa aqq ';taqqa xAq^axp ut paqpaq 
st?m anpxsa^ aqj, 'ono^A ut paqpjcquaouoo put? 'pa^aqxxg: OC 
'*OS 2 *N ^sao psxjcp 'aux;tq 'js^m qqxM paqsPM sqo*?;tqxa 
pauxquioo aqq put? aqpqaoe xAqqa qqxM paqopjtqxa 
sbm Axxnis aqi • t=h<3 IT^^m joh N9 paqea;tq spm 

uoxqnjos snoanbp aqi, ■ xexjcaqisui 6uxq;n?qs paqopajcun 
aAOiuaj oq aqpqaop xAqqa qqxM paqopj:qxa svia Axxnis aqi 53 
•onosA ut paqnaquaouoo uoxqn-[os aqq pup pappe spm (qui 
002) ^a^^M 'sanoq OMq JaqjY ' e:mqp:cadiiiaq quaxquip qp 
pappp spm (qui ot>) upjmgojrpAqpjiqaq Axp ui (-[oui 2£f> - 0 
'6 6'SS) sq^uoixsiAqqauixjiq umxsseqod 30 uoxqn-[os 
ts pup (qui 0S2) upjmgojtpAqejiqaq Aap ux paA"[ossxp st?m 02 
(low ^fri-o '5 0^9) & uiojij punoduioo up;cAd aqq 

'ua6o;tqxu aapun quauidxnba Aap m :o qjc^a 

"2T"29fr 

punog: '21 "29* " e J T S 9S O 6I H 0Z D ^03 paqp-[no-[eo /HN+W 
(+S3) SW ' (%6L '6 8 "29) PT*[os aqxqM p st? punoduioo si 
upaAd aqq aAxB oq xoupqqaui uiojcj pazxupqsAxoaji spm 
pxxos aqj, * saupxaq uaqq 'jcaqm qqxM paqs^M 'pajiaqixg: 
spm aqpqxdxoaad Buxqxnsaa aqj, • (qui 00S) XOH 
NX oqux paanod Axmoxs shm uoxqopa:r aqj, ■ ajtnqpaaduiaq 

quaxqun? qp qqBxujiaAO paxxxqs spm uoxqoea.x 0T 
* (touiui 6 '6 6*2) spxuiojtq Mnxuouiuip-[Aqnqpaqaq 
pup ' (touiui 6 y 6 x"X) auxpx:cAdouxmi?xAqqaun:p 
-fr # (xoui goe*0 /f Tiu Ofr) .*aqqa(TAqqaouio.iq-e) -sxq ' (xoui 
8fr # 0 '6 8 "99) sqmioqjpo uinxsseqod pappp st?m (qui 09E) 
apxuipqaoeiAqqamxp ux (toui 08X"0 '6 9-^9) a qjc*d uio:cg 5 
Jtaqsa -[Aqqaui ^qq jo uoxqnxos e 01 :j qjc^a 

"(%2Z. 

'6 fr # 68) PTTOS aqxq/A p bp :iaqsa -[Aqqaui aqq aAx6 oq 
paxjcp pue 'i°ueqqaui p T oo qqxM xi^M paqs^M 'pajraqxxg 

-08S- 
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•£91- punog ' Z9t : E £ t S 9 ON"H"D -*oj paiBinoiBO 0 £ 
+ *HN+W (+SH) SWHH (%£8 '5 6^3*) PTT°s 9}xqM 
b sb punodwoo aiqxq sqq sax6 03 (ssuBxeq/auoqsoB) 
P sz TTT B ^sAaoaa sbm ^onpoad -onoBA 
try psriB^usouoo pub 'psas^xT? '*OS z BN .isao paxjp 
'XBIvn qqxM psqsBM puB sqBqsoB iAm& qqxw pamixp ss 
sbm uox^obs^ sqq ' san^B^sduis^ qusxquiB IB ss^nuxtu 
uastigxg as^jv ' (qui 08Z) TOUBqqsui pus (mi 08£) 

UOX^ntOS SUBXOXp T.OH Nfr PSPPB SBM (HU OQZ) SUBXOXp 

-fr'I ux (xom ii -o '6 s-8S) H q:tBd uioaj s^BUiBxoapAq 

dHJ, sq:* jo uox^nxos b oj, : i qjcsa qz 

'Ll'LZS punog 

'£T*Z.*S : ^S^ON^H^D JO? ps^BtnoiBO + *HN+W (+S3) 
SWHH * (%00I '6 9'Z9) uiboj sqxqM b sb s^BuiBxoapAq 
dHJ, sq3 9Ax6 03 oiioba ltt peqBjtquaouoo pUB 
'psas^ixg '"0S z bn JSao psx^p 'sux;tq '^OH^n pstlBjmqBS si 

,fr OSHM %S '^93bm qqxM psqsBM 'stjBqeoB -[Aqqs ux 
dn usxb:j sbm snpxs©^ sqi * ofioba ux ps^B^usouoo sbm 
uox^OBaa aq^ 'aan^Baaduis^ quaxquiB :jb sanoq znoj -zsqgv 
• (toui 091*0 '6 9'0C ©pxaoiqoojpAq spxuixxpoq^BO-[Aq^s 
-C- (TAdoj:douxujBiAq^suixp-e) -1 p U B ' (xoui eSE'O '6 £-if-) oi 
3UXUiB-[AXoapAq(xA-2-uBjAd-H2-oapAqBj^93) -0 ' (toui SfrCO 
'iui S'LZ) sux-[oqdaouiXAq^9UJ-N ' (loui ^.ei'O '6 S*8T) 
s^BjpXq STOZBXJ^ozusqAxoapAq-N rjspao 6uxMOf[oj sqq 
ux uoxqnxos sqq oq psppB aaaw sausBBsa Buxuxbuisj sqq 
pus (lui 082) spxuiBUiJOjiAq^9uixp Ajp ux psAiossxp SBM s 

(IOUI HI'O '6 0'6I-) O UBd UIOXJ pxOB OXIAXOqjBO sqq 

'us6o^^xu .xspun qusuidxnbe A\xp ui :h 3-xb<3 

"01 '8^ punog 'oi '8tt • z d l S 9 O a H 6T D 
xoj psqBxriDTBD + »HN+W (+S3) SWHH " (%I6 '5 C9S) PTios 
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S3 

*f>Sfr punoj '^gfr :S 9 ON"H frZ D 
aoj peqpinoTHO h+W (SY4) SW • (%E8 '6 O'Z) PTTOS 
aqxqu v sis? punoduioo axqxq aqq BuxaxB 'paqoaxxoo bbm 
aqpqxdxoajtd qireqxnsajc am -paddxaqs sbm axxjcqxuoqaoe 

aqq ' (sjcnoq uaaqqqxa qnoqp) qq6xu;taAO Buxjjtxqs 03 
Jiaqgv ' (Til 001) bB TDH %0I pappe Axmois st?m (qui 
OS) :iaqi5M /axxjtqxuoqaoT? ux v uioag qonpojcd xAuaqdxp 
paqoaqo;rd-dH.l paqoanoo aqq oj, :g q;tT?d 

•uoxqnxos ux qonpojtd xAuaqdxq paqoaqojtd 
-dHl aqi ©ap6 (^aqeM/aixjqxuoqaoH '8T-0 'aspqd si 
asj:aAa^) Aqde;r6oqpwo:iqo ' (aAxqeqxquenb '6 e*S) 
pxxos uMoaq e pap^ojjp onoi?A eit apxuieqaoBxAqqauixp 
aqq 6uxddx:rqs " sjcnoq aAxj xoj snxsxao saa^Bap 
aAxj-Aqauxu qp paqpaq spm uoxqopaa aqj, - (xouiui 
8 "03 '6 8/9) aqeuoqaeo uinxsao Aq paMOxxoj (xounu 01 
Q'L '6 e*I 'qox^pxv) X°uaqdxAuaqd-fr pappp spm (tui 
8) apxuiEqaoexAqqauixp ux ( xounu g-g 'B o # 3) SS axdwpxa 
jo qonpoad aqq jo uoxqnxos e oi :v q:red 




S 



apTuiHxoq^ei - -tielAd-rie - AXOJ*pAq 
-N-o^pAq^qaq [xAuojxns (xAuaqd [AxoxA-^ 
- [xAuaqdxq-.x'x] ) ] 50 uoxqejredajtd = 08e axduiexa 
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m Z9* punoj 'z9t : z S s ON E J 8T H 6X D aoj pa^no^o 53 
H + W (HVd) SW ' (% ie '6 SZ/O) PTT°s tns} e sp 
punoduioo aiqx} aqq BuxaxB 'paqoaiTOD spm a^^Tdtoaad 
^UH^insa^ aqx -paddx:cqs s^m aixjtqxuoqaoe aqq ' (sjtnoq 
uaaqqBxa qnoqe) qq6xu;taAO Buxxixqs xb^jm 4 (TUi 001) 
be TDH %0I P^PP^ Aimo-[s ST?M (rpu 0^) jraqpM/aixjtqxuoqaoe qz 
ux moxj qonpo^d lAqqauiojtoni 37:1:1 paqoaqoad 
-dHX apn^o aqn 30 uoxqr\-[os aqq ox :g 
•110x311 "[OS ui qonpojtd lAqqauuoaonxjxaq paqoaqojid-aHI, 
aqq 9ap6 (JtaqeM/aixjcqxtioqaot? '81-0 'aseqd asaaAa;t) 
AqdP-xBoqeuioaqo • (aAxqpqxqtrenb '6 5-9) pxjos UMo:tq si 
t? papjcojje onoPA trr apxuipqaopiAqqauixp aqq Buxddx^S 
•S-inoq 9AT9M3 aoj snxsxao saa:c6ap aAxg-Aqxxs 
qp paqpaq spm uot;dp9i aqx ' (TOunu 8'02 '6 6'Z) 
aqpuoqjteo uinxsspqod Aq paM0H03 * (70111111 Z'TT 'B 0*3 
'a6px:iqAT?w) TOuaqdoxqqxAqqamojron^xaq-fr pappp spm (qui oi 
9) apxwpqaDBTAqqaiuxp ux ( -[ouiui 3-5 '6 o'3) SS a-[dun?xa 
jo qonpo;td aqq 30 uoxqn-[os p ox 




-^-upaAd-H3- [lAuojxns- [xAuaqd 
[oxqq [lAuaqddAqqaiuojonijT^q) ] ] 
-fr-AxojpAq-N-ojpAqpaqaq 30 uoxqpjredaad 4 <IBZ aiduinxa 
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'9Z.* punoj '9L* ^S 9 ON e J 8T H 6T 0 aoj paqp T no T PO 
H.W (HVJ) SW • (% frZ '6 09-0) PTTOS ue; * 
punodmoo ax3T3 ^3 6uxax6 'paqoaxxoo st?/a a:p?qxdxoa;id 
qupiinsaa am -paddxjrqs sbm axTaqxuoqaoe atp ' (s;moii SZ 

uaaqqBxa qnoqe) nqSxuaaAO BuT^axqs Jiaqjv ' (TUi 001) 
bB IDH %0T P^PP* Axmoxs s^m (qui ofr) JaqeM/aTT^TUoqaDp 
ux v ukxxj qonpojcd oxqqxAqqauiojonxjxji:} paqoaqoad 
-dttL apruio aqq jo uoxqnxos aqq ox :g qjc^d 

•uoxqnios ux qonpo;cd oxqqxAqqauiojtcmxjTjcq 0 3 
paqoaqcud-aHl, atn aAPB (aaqpM/axT^TUoqao* 
'8T-D 'aseqd ssi9A9i) AqdHJcBoqeuioatjo 
• (aAxq^qxquenb '6 3-/.) pxxos UMCiq e papjcojjT? 
onoeA ltt epxtu^qaoPxAqqauixp ain Buxddxaqs -sanoq 
aAxaM^ jcoj snxsxaD saaaBap aAxj-Aqauxu paqpaq spm gx 
uoxqopaj: aqq 'apxjtonxg uinxsspqod 30 qunoui* oxqAxeqeo 
p Buxppp aaqjv * (xounu ^'QZ '6 8'9) aqpuoqjreo 
uinxsao Aq paMOxxoj (xouiui 8'Z, '6 s'T '"qoj^PTV) 
XOuandoxnq(oxn^x^^9Uioaonxjxjq) -f, pappt? st?m (qui 
9) apxuipqaoexAqqauixp ux ( xouiui e - s '6 o'Z) SS ax<3uiex a 01 
30 qonpczd atn 30 uoxrmxos e 01 :v ix*a 




aptiiie^oqiHi) 
-^-upaAd-HS- [X^uojxns- [xAuaqd 
[Axouand [oxqq (xAqqauiojionxjxjq) ] ] 
-^-AxoapAq-N-oapAqejqax jo uoxqT?;reda:ta axcfoiexa 
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'081' punoj '081- s S 9 ON E JTO"H 6T D 
.xoj paqBxnoxBO H+ W (S\M) SW ' (% LZ '6 Z6 -0) 
PTxos aqxqM 12 sb punoduioo axqxq aqq BuxaxB 'paqoaxxoo sz 
sbav aqBqxdxoajd qtiBqxnsaj aqj, -paddx;tqs sbm 
aXT.iqxuoqa3B aqq ' (sjnoq uaaqq6xa qnoqB) qq6xu;iaAo 
Bux;u:xqs .xaqjv * (nu 001) bB lDH %0I psppB Axmoxs sbm 
(Tui ofO JsqBM/axx:tqxuoqaDB tix moxj qonpojrd paqoaqcxtd 
-dHl apnao aqq ?o uoxqnxos aip oj, :a qaBa OS 

•uoxqnxos ux 

qonpo;id paqoaqo;rd-aH.L sqq sab6 (:taqBM/axx:tqxuoqaDH 
'8T-D 'asBqd 9SJ9A3I) AqdBjBoqBuiojtqo 
• (aAxqBqxqtiBnb '6 9-^) pxxos uwoaq b papaoq-jB 
onoi?A trr apxuiBqaoBxAqqauixp aqq 6uxddx:tqs 'sanou. si 
aAXSMq ao j snxsxao saa;t6ap aAxg-Aqauxu qB paqsaq 
sbm uoxqoBajt aqi • (xoumi 8'0Z '6 8"9) aqBiioq;tBD 
uinxsao Aq pa«oxxoj (xouiui q l '6 g-i 'opbooay) 
XOuaqdxAqqauioaonx5T-iq-e-oj:oxqo-^ pappe sew (mi 
9) apxuiBqaoexAqqauixp ux ( xouiui Z 'S '6 cz) SS axduisxa 01 
jo qonpo-xd au.q 50 uoxqnxos b oj, :v qjBa 




spxulBXoq^yo-fr-uBJAd 
-HS-Axo;tpAq-N-o;tpAUB;rqaq- [xAuojxns 
[ xAuaqd [Axouaqd ( x-fansui-ojionxg x.xq ) 
-E-oaoxtp-f>] -fr] ] jo uoxqBJBdaa<3 :Q8£ axduiBxa 
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•fre* punog '^efr 
= S 9 ON^H 3Z D X03 paqHTnoieo H+ W (SY£) SW * (% S '5 82*0) SZ 
pi-[os aqxq/* t? si? punoduioo ax^xq BuxaxB 'paqoaxxoo 
spm aqnqxdxDajtd qtre:*xnsa.i am, -paddxjiqs se/w 
aiTaqxuoqaop aqq ' (s;moq uaaiqfixa qnoqe) qqBxuaaAO 
6utxzt:is aaqjv ' (mi 001) bB TDH %0I pappn? Axmoxs spm 
(qui 09) Ja^M/axxjiixuoqaop ux uiojtj qonpojtd paqoaqo^d 03 
-dHl apnao aqq jo uoxqnxos aqq ox :g qaea 

•uoxqnxos ux qonpoad paqoaqojtd 
-dHX am aAe6 (JcaqeM/axxjcqxuoqaoH '81-0 'as^qd 
9SI9A9I) AqdpaEo^Huioano • (aAxq^qx:;uT?nb '6 ^'e) 
pxxos UMo;cq ts papjiojgp oudva ur apxuipqaopX^^^TP SI 
aip Buxddxjx-qs -s^noij baibiai aoj snxsxao saa:i6ap aAxj 
-Aqauxu par^aq spm uopoeej aqx '(xouiui S* 298 "02 
'B fr'02) aqnuoqaeo uinxsao Aq paMOXXOj (xouiui V6I 
'6 6' 2 'oppooav) lOuaqdxAqnq-q-fr pappp sbm (qui sz) 
apxuipqaopx^q^auixp ux ( xouiui e ' ZX '6 o'S) SS axdui^xa ox 
jo qonpojtd aip jo uoxqnxos h 01 :v 




S 

apTmpxoqa£i-£-lip^Ad-Hg 
-Axo^pAq-M-oapAq^qaq [x^uojxns 
[XAuaqd[Axouaqd- (xAqqaxAqqauaxp 
-T 50 uoxq^eda^d = *8E axduipxa 
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■frTS punoj '^xs : S 9 ON 9 d 
^H 0Z D aoj paranoica h + W (SVd) SW * (% IE '6 Z - T ) S3 
p-pxos aqxnM p punoduioo ax^T^ aqq ButaxB 'paqoaxxoo 
sbm aqpqxdxoajid :*ui?:ixnsa;t sqx -paddxa^s spm 
aX"WF uo: *aoB ' (s^non ua9:*q6xa qnoqp) qqBxu:t9AO 

Buxjtaxqs ^a^jv ' (Tu 001) bB TDH %0T pappp Axmoxs spm 
(Tui 09) .xa^M axT^xucqaop ui wax 3 qonpojtd paqoaqoad 03 
-dHX apnao aip jo uox^nxos ai^ oj, :a 3«d 

•uox^nxos ut lonpaxd paqoaqoad 
-dHl em ©apB (^aqPM/axx^xuoqaop '8T-D 'asmjd 
as^aAaa) AqdpjcBoqpuioxqo • (aAxqHqxquenb '6 z.*^x) 
pxxos u/wojtq p pepjrojje ohoe>a ut apxwpqaoPxAtnauixp sx 
aip Buxddxjiqs ' s jnoq sax^m} jtog snxsxaD saajcBap 3atj 
-Aqauxu qe paqcaq shm uot^dvbjl atjx * (xouiw 5*298*03 
'6 fc'03) aqeuoqjt^o uinxsao Aq peMoxioj (xoiuiu fr'6T 
'6 6*3) lOuaqdxAqqauio^onxjTJ^Tp-s'e P^PP* sew (qui gx) 

apTiupqaopx^^^uixp ut ( lomm '6 o*£) 9S axd^^xa oi 

jo qonpcad atp 30 uoxqnios e oj, :y q^^d 




apxuiexoq its o - ^ - ue* Ad -He 
-Axo^pAq-N-o^pAq^qaq [xAuojxns [x^uaqd 
[Axouai(d(xALiqauioaonxjT^q) sxq 

-S '£]-*]]-* 30 uoTwtecfejca :S8e sidtupxa 
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xoj ps^xnox^o H.W (QVd) SW ' (% Ofr '6 8*1) PTTOS 53 
* punoduioo axixq aqq ButaxB 'pa^oaxxoo spm 
aqpixdxoajtd qup^xnsa^ aqi, -paddi^^s st?m axxjcnxtio^aot? 

aqq 1 (s^noq uaatiqBxa qnoqe) }q6xu:iaAO Buxxixqs 
' (TUi 001) b *TDH %0I pappp Axmoxs spm (rjw 
Ofr) JtaqeM/axxjnxuoaaoe ut v uioaj ^onpoad pa^oa^oad 03 
-dHX apruxo aqq jo uox^nxos aq:* ox :e 

-uoT^nxos ut 

qonpoad pa^oa^ojcd-dHl aqi aAt?6 (JcaqeM/axxjcrixuoriaoe 
'8TO 'aseqd as^aAa^:) AqdejtBo^puioaqo 
• (aAxqt?3xqm?nb '6 e*8T) PTxos UMoaq e papjtojjp g T 
onoPA lit apxuip^aoExAq^auixp aqi Buxddxjtqs * s;moq 
aAxaM^ jioj snxsxao saa^Bap aAxj-Aqauxu m pa^paq 
spm uox^DPai aqx ' (xouiui s'TS '6 8'9X) aqpuoqa^o 
uinxsao Aq paMOxxoj (xouiui g-gx'B z*Z 'qoxjipxv) 

XOuaqdxAq^aui-e-lAdoadosx-^ pappp sbm (qui qz) oi 
apxmpqaosx^qiawxp ux ( xounu e*0T '6 o'fr) SS axdui^a 
jo }onpo;td aq^ jo uoxmxos p oi :v ix*a 




£p ?Utex6c(;L t?o - - tipi Ad 
[X^uojx^s- [xAuaqd[Axouaqd 
(XAq^axAq^aui-x) -fr-xAqqaw-e] ] -fr 
-AxojpAq-N-ojtpAqp^^a^ io uoxqp^pdaad -98C axdumxa 

-88S- 
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iaz 3inu) 133HS aiauisans 



'90S punoj '90s : S B ON^ iT H 0Z O 
J.03 peiBTnojBO h.W (HVJ) SW ■ (%*S '6 S'C) PTIOS S3 
b sb punodiuoo si^T^ sqq 6uxax6 'pst}09 T1 ;oo 
sbm e^B^Td-coaad quB^xnss;! eqj, -paddxatis sbm 
eiT^^TUo^sDB sqq ' (sanoq uss:iq6xs qnoqB) qq6xuaaAO 
6ut^t^s JtsnjY * (qui 00T) bB TDH %0T pappe a-[mots 
sb« (qui os) ^s^M/siT^TUO^eoe ux v uiojj qonpcxd oz 
paqoeqaxd-aEL ps^oanoo sqq oi, :a l^a 

•uox^nxos ux nonpozd panosqojtd 
-dHi sq^ ©Ae£ (aaqeAv/exxaqxuo^soe '8I-D 'ascqd 
asasAa^) XqdB^BoqeuioaqD (SAX^B^x^uenb '6 Z'ZX) 
pxxps tiMOJtq e pspaojjp ohoba ut apxuieqaoe T Aq^suixp si 
sqa Euxddxj^s * s:moq saxj joj snxsxao 
saaztBsp saxj-A^suxu }e patjnaq sbm uoxqoeaj sqj, 
• (louiui 5-^9 '6 0"IS) 93Biioq;tT?o uinxsao Aq paMOnoj 
(-[ouiui V6T '6 E-fr 'pooM3{eo) susxoxpozusqAxo^pAq 

-9-ojonx5ej:qsq-e'e pappe sbm (qui S3) 01 
apxuiB^soBxAqiauixp ux ( -[ouiui q • Z \ '6 o*S) SS siduiBxa 
jo qonpo^d sqq 50 uoxqnjos b oj, :v 3.xed 




— 3ptUlB«oCt3Bu - f -UBSAd-^ - [ ?AU6g tns 

[XAuaqd[Axo [xA-9-uxxoxpozusq-^ '■[ 
-ojpAqxp-e'Z-oJionTjBJiqsi-e'E'z'z) ] -fr] ] 
-Ir-AXO^pAq-N-oapAqBaqsj, 30 uox^B^Bdead : LQZ ©TduiBxa 
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(93 Tinu) 133hs 3in±u.sans 



v iiBnoxm pasa^xxg uaqq pup s;tnoq 81 J03 san^paadus^ S2 
^usxquip }p pa:x;ix:is spm e^n^xxui 5ux:jxnsa;t aqj, -pappe 
spm (xoui sze'O '6 6'S8) V 3JPd 50 punoduioo auxpx;iadxd 
-00a sqq 'saqnuxui s 203 *n q^XM ajmtjxxui 6uxq-[ns9^ aqq 
6uxsss6ap J9qjY ' (xoui 88f--0 '6 6SI) E OD z so psppe sbm 
' Z N pssseBap '(qui oofr) auoqaoe ux (xoui 06C-0 '6 o2 

0*05) xouaqdojonxj-fr 50 uox^nxos « 01 :g 3JBa 

' (% 00I< '6 frZT) ixo aaqum ue se punoduioo 
auxpxxadxd-ooa aqq aAx6 03 uoxqpjcqxTJ Aq paqoaxxoo 
uaqi pus? saucxaq q:jTAv paqsew axs* spxxos am, 
•otidba ur ps^pj^uaouoo pue pajtaqxxg sxnoq zz gi 

a^n^eaaciiia^ quaxquie paxxxqs spav a^n^xxui Buxq^nsaa 
aqi -suox^od XBjiaAas ux pappe sbm qoxqM ' (xoui sSfr-O 
'6 001) s^puoqapoxp x^nq-^aq-xp Aq paMOxxog: (xoui 
2Z.8*0 /f iui ZZZ) suxuiPXAq^axj:^ pappp axmoxs sem (<j t) 
uexngoapAqej^a^ ux (xoui 9ZfO '5 O'LOT) apxuiojqojpAq oi 
auxpxaadxdouiojq-i, 50 uoxsuadsns e ox :v 3ae<3 




apxi6tqo6jpAqTp 
'apxuiExoq^eoauxpx^adxd-^- [xAuogxns 
[X^uaqd- [Axouaqd (xAq^auiojonxjxa^) 
-tO -fr] ] ~\- [TAq^a- (XAUXxoqdaoui 
-fr) -Z] -T-AxojpAq-N 50 uox^EaBda^a -QdZ ©xduiexa 



-06S- 
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fez 3inu) isaHs ainiiisans 



'6 09*8) PTT°s upi p sp aaqqa T^^Tq apxAo;id 
oq Toupqqeui uaqq saupxaq qqxM paqsPM uaqq a;caM oe 
sp-pxos aqx -uoT^Pj:q TT j Aq paqoaiTOO a;raM spx-[os aqq 
pup o z H q^T M psq^ajq spm anpxsa;t BuxqpisajE aqx -onoPA 
err paqpjcquaouoo shm aanqxxiu uoxtjoeajc aqq a^nqpaaduiaq 
quaxqiup 03 6ux-[ooo Jiaqjv 's;moq 91 jloj snxstao 
saa.x6ap AqqBxa qp paqpaq spm ajnqxxui 6uxq-[nsa;E 53 

aqx ' (Touiui 5-^3 '6 ^ 6 'E) Tosajco-d-oaonijxjtq 
-jo'tfx) pup (xomui 3-19 '6 6 '61) E OD*SD pappp spm 
(Tui Ofr) apxuiPUixojxAq^euixp-N'N ux (-[ouiui fr'oz '6 00 "Z.) 
O q:tpd 50 auojxns jo uoxqnxos p ox :a ^t?d 

' (%0S '6 s^'fr) PTios aux-[-[pqsA^o 03 
aqxqM p sp auogxns aqq papxAO^d aqpqaop -[Aqqa 
1110:15 uoxqpzxupqsAjiDa:! pup ohopa lit paqp-xquaouoo 
spm aqpaqixj aqx * aupqqauiojcoiqoxp qq T M BuxqsPM 
' # 9 ^TT®3 JO ppd p q6no;iqq pajiaqixg pup aupqqauiojtoiqoxp ' 

ux paAjossxp uaqq saupxaq qqxM paqsPM a^a/A si 
spx^os 6uxq-[nsa;t aqx -ohopa ur paqpjtquaouoo uaqq 
pup >os^N I9ao paxap aaaM sjcaApx oxupBjto pauxqwoo 
aill, • (qui 001) aupqqamojEOiqoxp qq T M paqopjtqxa a;taM 
s^aApx snoanbp pauxqmoo aqx *idpn paqpjtnqps qqxM 
uaqq pup E ODH^N paqp;mqps qqxM paqsPM spm aqpjcqixj aqx 01 
•pajiaqixj uaqq pup s;moq g-i jcoj a;mqp;taduiaq quaxquip 
qp paxzxqs spm aanqxxui 6uxq-[nsa;r aqx -suoxqjtod 
OMq ux (xouiui 9*8£ '6 I " 61) aqeapAqpxaq qjps uinxsau6pui 
pxop oxipqqqdAxo:iadououi pappp spm (tui si) xoupqqaui 
pup (iui 06) aupqqauiojtoiqoxp ux (ioumi l'SZ '6 00*8) S 
H q:m?d 30 apxjjns aqq jo uoxqrr[os p ox qapa 

" (%Z.6 '6 s-86) anpxsaj: upq 
p sp apx^xns aqq apxAOJtd oq onoPA ur paqp^quaouoo spm 
aqpjcqixj aqx -auoqaop qqxM 6uxqspM '^aqxiaD 30 ppd 

-T6S- 



meZ/86SOAL3d 



OM 



(92 3*inu) 133HS ajuuusans 

auxxoq<3aoui(XAq:iao;toxqo-3) -f, '(lOunuo'SS 'B-9KE) z OD z yi 
pappB sbm (qui 03) axT-z^TuoqaoB ux (xoumi sz'9 '6 oo*e) 
d imd go auxuiB aqq 50 uoxsuadsns b oj, :q q;tB<3 

• (%00T< '6 08'9) PTTOS sqxqM-gjo ub se auxuiB oe 
aq:j apxAOJd oq onoeyi ux parjBJtquaouoo sbm ajmtjxxui 
uoxqoBaa aq} 's;cnoq xoj ajinqBjtaduiai quaxquiB 

t»B BuXJCJXns JS^JV "PSPPB SBM ("[OUllU Of' 'iui oi) 

auBxoxp ux idh Nf- X«uox}xppB sanoq 2 ^03 san^B^sdmsq 
tjuaxqun? :jb Buxxxxqs as^jv ' (xouiui ofr "iui 01) auBxoxp sz 
ux XDH Nf- 30 uoxtmios b pspps sbm (tui oi) x°UBq:iaui 
pus (iui oe) auBxoxp ux (xouna x'f-X '£> 99'L) 3 ixvd 
30 aaqsa TAqqaui aqi 30 uoxqnxos b oj, :j qjtBd 

* (%08 '6 

99 "^) PTIos auxxx^qsAjzo mottsA STBd b sb 19559 xAqtjaui oz 
aq3 papxAoad xouBqqaui 1110:13 uox^Bzxxx^^sAjoan '*OS z bn 
jaAo pax^p pus xo^N pa^B^n^ss qqxM paqsBM aaaw s^aABx 
oxubBjxo pauxquioo aqj, -a^B^aoB xA^s q:*XM pa^osj^xa 
uaq:) sbm qoxqM anpxsaa aqi oq papps sbm (tui OS) -zs^bm 

* onoEA ux paAotuaj sbm UB^ri30jpAqBJ^a^ aq^ puB pappB si 
sbm (nil OS) TO*HN paqB^n^Bs * aanqsaaduiaq quaxquiB 
03 uijbm oq paqqxuuad axmoxs sbm ajnqxxui aqq 'arjaxduioo 
sbm uoxqxppB aqq Jtat^v -snxsxao saaaBap xno3 
papaaoxa isasu ajtnqxxui uoxqoBaj: aqq 30 a^n^Baaduiaq 
aqq qsqq a^Ba b qons ib 'papps Axmoxs sbm (tui O'S) 01 
UB^ri30jpAqBj:qa3 ux (xouiui 9-93 'qm S0 - Z ) a^Buixo3oaoxqo 
XAqaam 30 uox^nxos b uaqi ;moq x Jtoj snxsxao saaaBap 
oaaz ^b paj^x^s sbm aan^xxui Bux^xnsaa aqj, -snxsxao 
aaaBap auo papaaoxa aaAau uox^OBaa aq^ 30 a^naBaaduia^ 
aq^ qsqq a^Bji b qons ^b ' (xouiui q-zz 'UB^oapAqsjqa^ s 
ux wo 'I "iui O'ZZ) 9PTUi^(XAXTSXAq^auixaq) sxq uinxq^xx 
pappB axmoxs sbm 'snxsxao saa;t6ap oiaz oq paxooo ' (qui 
001) UBan30^pAqB^qa^ ux (xounii fix 'B 6S'8) d UBd 
30 jaqtta x^Bxq aqq 30 uoxtmxos b oj, :g q^B<3 
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fez ainu) 133HS Hiniusens 

aqq psp-tAOjd (ui.xo3o;toTqo/Tpueqqaui 'eox-[xs uo) 
Aqde:i6oqeuio;rqo -»0S z cn J3ao paxjp pue T^eN paqejnqes 
qqxM paqseM ai9« sjsAb-[ otub6jo aqx -o z H pue aqeqaoe 

-[Aqqa uaaMqaq pauoxqxqjied sbm anpxsajt aqj -onoeyi 0 E 
ux paqe:tquaouoo uaqq pue s:moq e ^03 a:tnqe:taduiaq 
quaxquie qe pa;i;txqs se/* a;mqxxui 5uxq-[nsa.z aqj, 
•pappe 929M (xouiui l\'Z 'B an) ©aojtaAd pue (touiui 
S9'Z '6 OTe'O) auxuieTAxojtpAq (T.Aue;mdo;qoAqej:qaq) - 0 
' (Touiui i-6'Z. "lui ZLB'O) auxTpqdxouiiAqqaui-N Teuoxqxppe S3 
s.moq 61 J03 aanqejtaduiaq quaxquie qe 6ux;r;txqs 
aa^jv -(Touiui S E'9 '6 96 ' Z) ®do;tgAa pue (touiui 
SB'S '6 £89 '0) auxuie TAxoxpAq (TAuejindoapAqeaqaq) 
-0 '(Touiui 6 * ST "lui *L'D suxTpqdaouiT.Aqqaui-N pappe seM 
(Til SZ) aueqqauioaoT.qoxp ux ( T outui 6Z'S '6 L %'Z) H q^ed q Z 
30 pxoe ouxuie aqq 50 uoxsuadsns e ox :i q;ted 
* (%S8 '6 PTios a^xuM-jjo ub se pxoe ouxuie aqq 

apxAoxd oq .xaqqa lAqqaxp qqpw paqseM pue uoxqe:iq-[X3 
Aq paqoa-[Tpo sew aqeqxdxoaad 6uxq-[nsa:t aqq pue ohoba 
ut paAOiuaa sew ueanjoapAqe^qaq aqj, - TDH NT WM u ST 
Hd) pazxTe:cqnau uaqq sbm a;mqxxui uoxqoeaj: aqj, -pappe 
se« o z H 'sanoq SZ ^03 a;tnqe.iaduiaq quaxquie qe Bux^axqs 
aaqjV ' (Tounu OS'ZT '6 09*T) sqBTOueTXSTAqqauixjtq 
uinxsseqod pappe seM (tu 09) ueanjoapAqejqaq 

ux (xouiui 93-9 '6 SfZ) D q:ted 30 auxuie 0T 
TAqqa -[AuxTpq&toui aqq 30 uoxqujos e ox :h q:ted 

* (%00T< 

'5 st'Z) PTios ueq e se auxuie -[Aqqa -[AuxxoqdLioui 
aqq apxAOJtd oq onoeA ut paqejtquaouoo sen aqeaq-[T3 sqi. 
-aqeqaoe TAqqa qqxw BuxqseM ' @ aqxTao 30 ped e qBno^qq s 
pa^aqiX3 sew aanqxxui uoxqoea;t aqq 'aanqeaaduiaq 
quaxquie oq Buxtooo aaq3v -s;moq zz xoj xni3aa 
qe paqeaq se« aanqxxui 6uxq T nsaa aqj, • re N JO qunouie 
oxqAxeqeo e pue (xouiui 95*9 '6 ZZ'T) apx^oiqooapAq 

-e6S- 
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3nnu) 133HS ainuisans 

'®9^TI90 jo ped b q6no;iq:i pajtariTTj sbm ajn^xxiu 
uox^oee^ aq} 's:moq s'ZZ ^05 xnxjsa :jb Butaaxas 
*33?Y • (louiui i-t-'e '6 S9S'0) spxaomooapAti epuonjo sz 
TATOOTd-f, puB (touiui s-zt '6 ez.'!) E OD z M psppe a;taM (tui 
OT) aTr^TuonaoB ut (xouiui ei*£ '5 OS'T) 88E aTduiexa 
UBd 50 auxuiB aqq jo uoxsuadsns b oj, :v ix-ea 




OZ 



' apxmexoqjteoauxpxjadxd- f> - [ -[ Auo 3 \ns 
- [-[Auaqd [Axouaqd (iXq^auiojonxj-ca^) 

-fr] ] (I^eiuiAuTpTjAd ST 
-fr) -T-Axo^pAq-N 30 uoxqBJtBdaxd =68e aTduiexa 

' 8SS 

punoj '8SS •■ E dS e N 9 0 Te H"0 JO? paqBTnoTBD +H w SW * (%06 

'6 TC'S) PTIos a^xqM-jjo ub sb punoduioo a-nxq 01 
9at5 03 uox^BJtqTxj Aq paqoanoo s^9m spxTos 6uT^xns9a 
aqi, -papps sbm (tui 03) J9q^9 Tyftnaxp uaqo puB sanoq 
Z gan^Baaduig^ suaxqum :jb paxxx^s sbm gjn^xTui 

6uT^xr\S9a aqj, • (xouiui o'Ofr "iui 01) auBxoxp ux xdh 
Nfr 30 uox^nios b pgppB sbm (tui £) jouBq^aui puB (tui 6) S 
auBxoxp ut (xouiui 80-1- '6 Z9'Z) I qxed go aqBurexoxpAq 
panoatioxd aqn 30 uoxinjos c oj, : £ ixsa 

• ( %LL 

'6 Z9'Z) PTIos a^xqM-gjo ub sb a^BurexoxpAq parjoa^oxd 
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(93 3inH) 13HHS auuusans 



Ni- 30 uoxqnxos b papps sbm (tui Z) xouBqqaui pus (qui 9) 
auBxoxp ux (xouiui 00'3 '6 tz-X) D q:tBd 30 aqBuiBxojrpAq 
paqoaqoxd aqq jo uoxqnxos b 01 :a q:tB<3 

* (%6Z. '6 *Z'T) uiboj aqxuM b oe 
sb aqBuiBxojipAq paqoaqoid aqq papxAOJtd (sauBxaq/aeqaos 
XAqqa 'botits uo) AudBJtBoqBUiojtqo ' *OS z bn 
J9AO P 9 T*P Pue IOBN paqeanqBS ' e OOHbn paqBjrnqBs qq T M 
paqsBM a.zaM s.iaABx oxubBjio pauxquioo aqi, -aqsqaoB 
xAqqa puB o z H uaaMqaq pauoxqxq;rBd sbm anpxssa aqj, 53 
"onoEA ux paqBJtquaouoo uaqq sAsp e ^03 a;mqB;taduiaq 
quaxquiB qB paxxxqs sbm aanqxxui 5uxqTnss;t sqi 
• (Xouiui es'€ '6 9L9'0) spxjoxupojrpAq apxuixxpoqjBoxAqqa 
- e - t T-^do ^d ( ouxuibx Aqqauixp )]-£-! pus ( xouiui 
8fZ '& ZWQ) auxuiBxAxojpAq (i/UB^ndoapAqBaqsq) - 0 oz 
' (Xouiui 9S'L "iui ie8'0) ©uxiotfdJouixAnqsui-M '(xouiui ZO'Z 
'6 80fr'0) sx°zex.xqozuaqAxo;tpAq-T. pappB sbm (iui oi) 
apxuiBuixojxAqqauixp-N'N ux (xouiui ZS'Z '6 TE'l) e :u*d 
3° PTS* ouxuiB aqq jo uoxsuadsns b ox 13 qae d 

• (%*6 SI 

'6 TC'T) PTXos aqxqM b sb pxoB ouxuib aqq apxAOJid oq 
uoxqB^qxT? Aq paqoaxxoo sbm aqBqxdxoa;td 6uxqxnssa aqj, 
•TDH NS Wm (z. Hd) pazxx^qnau sbm a;mqxxui uoxqoBa;t 
aqq pub psppB sbm (iui 8) asqBM -aanqxxui uoxqoBsa 
aqq jsao *n BuxMOxq Aq paAouia;: sbm UB-injoxpAuBJcqaq oi 

aqq uaqq puB sanoq OZ ^03 a;cnqB:iaduiaq quaxquiB 
qB paxxxqs sbm a^nqxxui Buxqxnssa aqj, • (xouiui qz's 
069 '0) s^BxouBxxsxAqqsuixaq uinxssBqod pappB sbm 
(iui oz) UBanjoapAqBaqsq ux (xouiui 69 * Z '6 WZ) Y ^Bd 
50 auxuiB x-^TO^Td ©tH 30 uoxqnxos e 01 :g q^Bd g 

" (%98 '6 WD uin6 jbsxo b 
sb auxuiB x*T°3T<i sqi papxAOxd (sauBxaq/aqsqaoB iA^b 
'boxxxs uo) AqdBa6oqBuio^qo 'ooosa ur paqBJtquaouoo 
sbm aq e aqxT3 ©Ml 'aqsqaoB x^W tpxM 6uxusbm 
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isz 3inu) 133HS aiauissns 



X^qqa 'botxxs uo) AqdBaBoieuiojqD -oud^a 
ut paqBJtnuaouoo sbm aqBJtixxj aqx -a^aoB "[Atpa sz 
qaxM 6u T qsBM '®3^TT S D jo ped b qBnoaqri pajtaqxxj sbm 
aanqxxui uopoesi aqq 's;tnoq z\ jloj xrr[ja:t BuxjtJtx^s 
aaqjY -(touhu 63-2 '6 sz.E-0) spT^oxqooJtpAq 9 ppo W o 
TAiooxd-c pus (xouiui ee'8 '6 st'I) E OD e M papps sbm (tui 

01) aiWTUo^aoB ut (xouiui 8 0'3 '6 0 0*T) 88E aidumxa oz 
'3. 1*vd jo auxuiB aq:j go uoxsuadsns B oi :v 3-IBd 




ap lAdfipMpAtltfp- ST 
• apxuiBxoq;tBoauxpx.xadxd - ^- [ xAuo j \ns 
- [ xAuaqd [Axouaqd ( lAq^auioaonx jtzi 
-fr] -fr] ] -fr- (lAq^auixAuTp-caAd 
-e) -T-AxojtpAq-N jo uoT^BaBdajrd =06E axduiBxg 

01 

'9£S punoj '9es E JS e N s O sz H sz D 
aoj paqsxnoxBO + HW SW • (%S8 '6 wi) PTT°s a:>xqM-jjo 

tie se punoduioo ax^xvaq} apxAOxd 03 uoxtieaqxT? 
pa^oaxxoo sbm aiB^xdxDaxd Bux^xnsaa aq^ p U B pappB sbm 

^aq^a x^qaaxp uaui sannuxui sx aoj (tui z) ausxoxp ut s 
XDH Nfr jo uox^nxos b q:}XM utbBb paqBaai tiaqn sbm uiboj 
Bux^xnsaa aqj, -onoByi itt pa^BJiquaouoo sbm ajmixxw 
uox^oBaj: aq^ sanoq s'Z -xoj ajnqBJt adman quaxquiB }b 
6ux^xas wjv • (xounu o'OZ "rui 00 *s) auBxoxp ut XDH 
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fez 3inu) 133HS ainnisans 



ux (xouiui z.08'0 '6 OOS'O) D qapd 50 aqpuiPxojtpAq 
paioaiojrd aqi 50 uoxqnxos p ox :q wed 

• (%09 '6 005*0) uipoj aixqM-gjo up 
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Part B: To a solution of the picolyl amine of 
part A (1.40 g, 2.62 mmol) in tetrahydrof uran (20 mL) 
was added potassium trimethylsilanolate (0.672 g, 
5.24 mmol). The resulting mixture was stirred at 
5 ambient temperature for 15 hours. The 

tetrahydrof uran was removed by blowing N 2 over the 
reaction mixture. H 2 0 (5 mL) was added and the 
reaction mixture was neutralized (pH 7) with 2N HCl . 
The resulting precipitate was collected by filtration 
10 and dried by concentration in vacuo with acetonitrile 
to provide the amino acid as an off-white solid (1.07 
g, 79%) . 

Part C: To a suspension of the amino acid of 
part B (1.07 g, 2.06 mmol) in N, N-dimethylf ormamide 

15 (10 mL) was added 1-hydroxybenzotriazole (0.333 g, 

2.47 mmol), N-methylmorpholine (0.679 mL, 6.18 mmol), 
O-(tetrahydropuranyl) hydroxylamine (0.362 g, 3.09 
mmol) and 1-3- [ (dimethylamino) propyl] -3- 
ethylcarbodiimide hydrochloride (0.553 g, 2.88 mmol). 

20 The resulting mixture was stirred at ambient 

temperature for 19 hours, then concentrated in vacuo. 
The residue was partitioned between H 2 0 and ethyl 
acetate. The combined organic layers were washed 
with H 2 0, saturated NaHC0 3 , saturated NaCl and dried 

25 over Na 2 S0 4 . Chromatography (on silica, methanol/ 
dichloromethane) provided the protected hydroxamate 
as a white solid (1.03 g, 81%). 

Part D: To a solution of the protected 
hydroxamate of part C (1.03 g, 1.66 mmol) in dioxane 

30 (3.0 mL) and methanol (l.o mL) was added a solution 
of 4N HCl in dioxane (3.0 mL, 12.00 mmol). After 
stirring at ambient temperature for 1.5 hours, 
diethyl ether was added and the resulting precipitate 
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was collected by filtration to provide the title 
compound as a pale pink solid (0.970 g, 96%). MS MH* 
calculated for C 2 5H 2 50 5 N 3 SF3 : 536, found 536. 

5 Example 392: Preparation of N-hydroxy-4- [ [4- [ (4- 

methoxyphenyl) amino] phenyl] sulf onyl] -4- 
piperidinecarboxamide . monohyrir-n c hlorida 




Part A: To the ester of part C, Example 91 
(1.00 g, 2.17 mmol) was added Cs 2 C0 3 (0.990 g, 3.04 
mmol), BINAP (0.061 g, 0.098 mmol), 
tris (dibenzyldeneacetone)dipallidium (0) (0.060 g, 

15 0.07 mmol), p-anisidine (0.320 g, 2.60 mmol) and 

toluene (4 mL) . The resulting mixture was heated to 
one hundred degrees Celsius for 22 hours. After 
cooling to ambient temperature, diethyl ether was 
added and the mixture was filtered through a pad of 

2 0 Celite®, washing with ethyl acetate. The filtrate 
was concentrated in vacuo. Chromatography (on 
silica, ethyl acetate/hexane) provided the aniline as 
an orange foam (0.810 g, 74%) . 

Part B: To a solution of the aniline of part A 

25 (0.780 g, 1.55 mmol) in tetrahydrof uran (4.0 mL) was 
added potassium trimethylsilanolate (0.238 g, 1.86 
mmol) . The resulting mixture was stirred at ambient 
temperature for 17 hours, and then additional 
potassium trimethylsilanolate (0.020 g, 0.1955mmol) 
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was added. After stirring at ambient temperature for 
24 hours additional potassium trimethylsilanolate 
(0.040 g, 0.310 mmol) was added. After stirring at 
ambient temperature for 26 hours, the solvent was 
5 removed by blowing N 2 over the mixture. To a 

suspension of the residue in dichlorome thane (10 mL) 
was added added N-methylmorpholine (0.511 mL, 4.65 
mmol), O- (tetrahydropuranyl) hydroxylamine (0.218 g, 
1.86 mmol), followed by PyBroP® (1.08 g, 2.33 mmol). 

10 The resulting mixture was stirred at ambient 

temperature for 2 days and then concentrated in 
vacuo. The residue was partitioned between H 2 0 and 
ethyl acetate. The combined organic layers were 
washed with saturated NaCl and dried over Na 2 S0 4 . 

15 Chromatography (on silica, ethyl acetate /hexane) 

provided the protected hydroxamate as an off-white 
solid (0.600 g, 66%) . 

Part C: To a solution of the protected 
hydroxamate of part B (0.580 g, 0.984 mmol) in 

20 dioxane (3 mL) and methanol (1 mL) was added a 

solution of 4N HC1 in dioxane (2.5 mL, 10.0 mmol). 
The resulting mixture was stirred at ambient 
temperature for 1 hour, then diethyl ether (10 mL) 
was added. The solids were collected by filtration 

25 to give the title compound as a white solid (0.437 
g, 100%). MS MH + calculated for C 19 H 2 40sN 3 S: 406, 
found 406. 

Example 393 : Preparation of N-hydroxy-4- [ [4- [ [4- 
30 (trif luoromethoxy) phenyl] amino] phenyl] - 

sul f onyl ] - 4 -piperidinecarboxamide , 
monohvdrochloride 
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Part A: To a solution of the ester of part C, 
Example 91 (3.27 g, 7.09 mmol) was added Cs 2 C0 3 (3.23 
5 g, 9.92 mmol), BINAP (0.066 g, 0.107 mmol), 

tris(dibenzyldeneacetone)-dipallidium (0) (0.065 g, 
0.071 mmol), 4-trif luoro-methoxyaniline (1.15 mL, 
8.51 mmol) and toluene (14 mL) . The resulting 
mixture was heated to one hundred degrees Celsius for 

10 22 hours. After cooling to ambient temperature, the 
mixture was filtered through a pad of Celite®, 
washing with ethyl acetate, and the filtrate was 
concentrated in vacuo. Chromatography (on silica, 
ethyl acetate/hexane) provided the aniline as a tan 

15 solid (3.59 g, 91%) . 

Part B: To a solution of the aniline of part A 
(1.03 g, 1.84 mmol) in tetrahydrof uran (10 mL) was 
added potassium trimethylsilanolate (0.331 g, 2.58 
mmol) . The resulting mixture was stirred at ambient 

20 temperature for 24 hours, and then additional 

potassium trimethylsilanolate (0.118 g, 0.092 mmol) 
was added. After stirring at ambient temperature for 
24 hours, the solvent was removed by blowing N 2 over 
the mixture. H 2 0 was added and the reaction mixture 

25 was acidified (pH 3) with IN HCI. The aqueous 

reaction mixture was extracted with ethyl acetate and 
the combined organic layers were washed with 
saturated NaCl and dried over Na 2 S0 4 . Concentration 
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in vacuo provided the acid as a tan solid (1.01 g, 
100%) . 

Part C: To a suspension of the acid of part B 
(1.00 g, 1.84 mmol) in N, N-dimethylf ormamide (10 mL) 
5 was added 1-hydroxybenzotriazole (0.298 g, 2.21 

mmol), N-methylmorpholine (0.607 mL, 5.52 mmol), O- 
(tetrahydropuranyl) hydroxylamine (0.323 g, 2.76 
mmol) and 1-3- [ (dimethylamino) propyl] -3- 
ethylcarbodiimide hydrochloride (0.494 g, 2.58 mmol). 

10 The resulting mixture was stirred at ambient 

temperature for 17 hours then concentrated in vacuo. 
The residue was partitioned between H 2 0 and ethyl 
acetate. The combined organic layers were washed 
with H 2 0, saturated NaHC0 3 , saturated NaCl and dried 

15 over Na 2 S0 4 . Chromatography (on silica, ethyl 

acetate/hexanes) provided the protected hydroxamate 
as a white solid (0.960 g, 81%). 

Part D: To a solution of the protected 
hydroxamate of part C (0.960 g, 1.49 mmol) in dioxane 

20 (3 mL) and methanol (1 mL) was added a solution of 4N 
HC1 in dioxane (4.0 mL, 16.0 mmol). The resulting 
mixture was stirred at ambient temperature for 2.5 
hours. The solvent was then removed by blowing N 2 
over the reaction mixture. Diethyl ether (20 mL) was 

25 added and the precipitate was collected by filtration 
to give the title compound as a pale pink solid 
(0.716 g, 100%). MS MH* calculated for C 19 H 21 0 5 N 3 SF3 : 
460, found 460. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-604- 

Example 394: Preparation of N- hydroxy- 1- (2- 
methoxyethyl) -4- [ [4- [ [4- 
(trif luoromethoxy) phenyl] amino] phenyl] 
sul f ony 1 ] - 4 - piper idinecarboxamide , 
nronohydrochloririP 




°^ 

Part A: To a solution of the aniline of 

10 part A, Example 392(2.55 g, 4.57 mmol) in dioxane 

(9.0 mL) and methanol (3.0 mL) was added a solution 
of 4N HC1 in dioxane (10 mL, 40 mmol) . After 
stirring at ambient temperature for 2 hours, the 
reaction mixture was concentrated in vacuo to provide 

15 the amine as a tan solid (2.36 g, >100%) . 

Part B: To a suspension of the amine of part A 
(1.50 g, 3.03 mmol) in acetonitrile (12 mL) was added 
K 2 C0 3 (1.26 g, 9.0 9 mmol) and 2-bromoethyl methyl 
ether (0.313 mL, 3.33 mmol). After stirring at 

20 reflux for 23 hours, Cs 2 C0 3 (2.96 g, 9.09 mmol) was 

added. After 6 hours at reflux, the reaction mixture 
was filtered through a pad of Celite®, washing with 
dichloromethane . The filtrate was concentrated in 
vacuo. Chromatography (on silica, methanol/ 

25 dichloromethane) provided the methoxy ethyl amine as 
a tan solid (1.13 g, 72%). 
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Part C: To a solution of the methoxy ethyl 
amine of part B (1.13 g, 2.19 mmol) in 
tetrahydrofuran (20 mL) was added potassium 
trimethylsilanolate (0.561 g, 4.38 mmol). The 
5 resulting mixture was stirred at ambient temperature 
for 18 hours, and then additional potassium 
trimethylsilanolate (0.140 g, 1.09 mmol) was added. 
After stirring at ambient temperature for 5 hours, 
the solvent was removed by blowing N 2 over the 

10 mixture. Water (8 mL) was added and the reaction 
mixture was neutralized (pH 7) with IN HC1. The 
solids were collected by filtration and dried by 
concentration in vacuo with acetonitrile to provide 
the amino acid as an off-white solid (0.900 g, 82%). 

15 Part D: To a suspension of the amino acid of 

part C (0.900 g, 1.79 mmol) in N,N-dimethylf ormamide 
(8.0 mL) was added 1-hydroxybenzotriazole (0.290 g, 
2.15 mmol), N-methylmorpholine (0.590 mL, 5.37 mmol), 
0- (tetrahydropuranyl) hydroxylamine (0.315 g, 2.69 

20 mmol) and 1-3- [ (dimethylamino) propyl] -3- 

ethylcarbodiimide hydrochloride (0.480 g, 2.51 mmol). 
The resulting mixture was stirred at ambient 
temperature for 16 hours then concentrated in vacuo. 
The residue was partitioned between H 2 0 and ethyl 

25 acetate. The combined organic layers were washed 

with H 2 0, saturated NaHC0 3 , saturated NaCl and dried 
over Na 2 S0 4 . Chromatography (on silica, methanol/ 
dichloromethane) provided the protected hydroxamate 
as an off-white solid (0.870 g, 81%). 

3 0 Part E: To a solution of the protected 

hydroxamate of part D (0.870 g, 1.45 mmol) in dioxane 
(3 mL) and methanol (1 mL) was added a solution of 4N 
HC1 in dioxane (10 mL, 40.0 mmol). The resulting 
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mixture was stirred at ambient temperature for 2.0 
hours. The reaction mixture was concentrated in 
vacuo and then treated again with 4N HC1 (3 mL) for 
30 minutes. The solvent was then removed by blowing 
5 N 2 over the reaction mixture. Diethyl ether (30 mL) 
was added, and the precipitate was collected by 
filtration to give the title compound as a pale pink 
solid (0.771 g, 96%). MS MH + calculated for 
C 2 2H270 6 N 3 SF3 : 518, found 518. 

10 

Example 395: Preparation of N-hydroxy-4- [ [4- [ [4- 

(trif luoromethyl) phenyl] amino] phenyl] - 
sul f ony 1 ] - 4 -piperidinecarboxamide , 
monohvdrochloririg 

15 




Part A: To a solution of the ester of part C, 
Example 91 (3.16 g, 6.85 mmol) was added Cs 2 C0 3 (3.13 

20 g, 9.59 mmol), BINAP (0.064 g, 0.103 mmol), 

tris(dibenzyldeneacetone) -dipallidium (0) (0.063 g, 
0.069 mmol), a,a,a-trif luoro-methylaniline (1.03 mL, 
8.22 mmol) and toluene (14 mL) . The resulting 
mixture was heated to one hundred degrees Celsius for 

25 17 hours. After cooling to ambient temperature, the 
mixture was filtered through a pad of Celite®, 
washing with dichloromethane , and the filtrate was 
concentrated in vacuo. Chromatography (on silica, 
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ethyl acetate/hexane) provided the aniline as a pale 
orange foam (3.08 g, 83%). 

Part B: To a solution of the aniline of part A 
(1.00 g, 1.84 mmol) in tetrahydrof uran (10 mL) was 
5 added potassium trimethylsilanolate (0.473 g, 3.69 
mmol) . The resulting mixture was stirred at ambient 
temperature for 25 hours then the solvent was removed 
by blowing N 2 over the mixture. Water was added, and 
the reaction mixture was acidified (pH 3) with IN 

10 HC1. The aqueous layer was extracted with ethyl 

acetate and the combined organic layers were washed 
with saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the acid as an orange 
foam (1.00 g, >100%) . 

15 Part C: To a suspension of the acid of part B 

(0.972 g, 1.84 mmol) in N, N- dimethyl formamide (10 mL) 
was added 1-hydroxybenzotriazole (0.2 98 g, 2.21 
mmol), N-methylmorpholine (0.607 mL, 5.52 mmol), O- 
(tetrahydropuranyl) hydroxylamine (0.323 g, 2.76 

20 mmol) and 1 -3- [ (dimethyl amino) propyl] -3 - 

ethylcarbodiimide hydrochloride (0.494 g, 2.58 mmol). 
The resulting mixture was stirred at ambient 
temperature for 18 hours, then concentrated in vacuo. 
The residue was partitioned between H 2 0 and ethyl 

25 acetate. The combined organic layers were washed 

with H 2 0, saturated NaHC0 3 , saturated NaCl and dried 
over Na 2 S0 4 . Chromatography (on silica, ethyl 
acetate/hexanes) provided the protected hydroxamate 
as a white solid (0.970 g, 84%). 

30 Part D: To a solution of the protected 

hydroxamate of part C (0.950 g, 1.51 mmol) in dioxane 
(3 mL) and methanol (1 mL) was added a solut ion of 4N 
HC1 in dioxane (4.0 mL, 16.0 mmol). The resulting 
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mixture was stirred at ambient temperature for 1.5 
hours. Diethyl ether (20 mL) was added and the 
precipitate was collected by filtration to give the 
title compound as a white solid (0.630 g, 87%). MS 
5 MH + calculated for C 19 H 21 04N 3 SF3 : 444, found 444. 

Example 396: Preparation of N-hydroxy-1- (2- 
methoxyethyl) -4- [ [4- [ [4- 
(trifluoromethyl) phenyl] amino] phenyl] sul 
0 fonyl] -4-piperidinecarboxamide, 

monohvdrochloririfr 




15 

Part A: To a solution of the aniline of part A, 
Example 395 (2.07 g, 3.82 mmol) in dioxane (9.0 mL) 
and methanol (3.0 mL) was added a solution of 4N HCl 
in dioxane (10 mL, 40 mmol) . After stirring at 

20 ambient temperature for 2 hours, the reaction mixture 
was concentrated in vacuo to provide the amine as a 
yellow solid (1.89 g, >100%) . 

Part B: To a suspension of the amine of part A 
(1.83 g, 3.82 mmol) in acetonitrile (20 mL) was added 

25 K 2 C0 3 (1.58 g, 11.46 mmol) and 2-bromoethyl methyl 
ether (0.395 mL, 4.20 mmol). After stirring at 
reflux for 18 hours, the reaction mixture was 
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filtered through a pad of Celite®, washing with 
dichloromethane and the filtrate was concentrated in 
vacuo. Chromatography (on silica, 

methanol /dichloromethane) provided the methoxy ethyl 
5 amine as an off-white solid (1.58 g, 83%). 

Part C: To a solution of the methoxy ethyl 
amine of part B (1.58 g, 3.15 mmol) in 
tetrahydrofuran (30 mL) was added potassium 
trimethylsilanolate (0.810 g, 6.31 mmol). The 

10 resulting mixture was stirred at ambient temperature 
for 3 days, and then the solvent was removed by 
blowing N 2 over the mixture. Water (10 mL) was added 
and the reaction mixture was neutralized (pH 7) with 
IN HC1. The solids were collected by filtration and 

15 dried by concentration in vacuo with acetonitrile to 
provide the amino acid as a pink solid (1.32 g, 86%) . 

Part D: To a suspension of the amino acid of 
part C (1.32 g, 2.71 mmol) in N,N-dimethylformamide 
(12 mL) was added 1-hydroxybenzotriazole (0.439 g, 

20 3.25 mmol), N-methylmorpholine (0.894 mL, 8.13 mmol), 
O- (tetrahydropuranyl) hydroxylamine (0.476 g, 4.07 
mmol) and 1-3- [ (dimethylamino) propyl] -3 - 
ethyl carbodiimide hydrochloride (0.727 g, 3.79 mmol). 
The resulting mixture was stirred at ambient 

25 temperature for 20 hours, then concentrated in vacuo. 
The residue was partitioned between H 2 0 and ethyl 
acetate . The combined organic layers were washed 
with H 2 0, saturated NaHC0 3 , saturated NaCl and dried 
over Na 2 S0 4 . Chromatography (on silica, 

30 methanol /ethyl acetate) provided the protected 
hydroxamate as an off-white solid (1.39 g, 88%). 

Part E: To a solution of the protected 
hydroxamate of part D (1.40 g, 2.39 mmol) in dioxane 
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10 



15 



20 



(3 mL) and methanol (1 mL) was added a solution of 4N 
HC1 in dioxane (5.98 mL, 23.9 mmol) . The resulting 
mixture was stirred at ambient temperature for 2.5 
hours. The reaction mixture was concentrated almost 
to dryness, by blowing N 2 over the reaction mixture. 
Diethyl ether (25 mL) was added and the precipitate 
was collected by filtration. The resulting solid was 
dissolved in methanol (1 mL) and treated with 4N HC1 
in dioxane (1.5 mL) . After stirring at ambient 
temperature for 1.5 hours, the reaction mixture was 
slowly added to diethyl ether (50 mL) . The resulting 
precipitate was collected by filtration to give the 
title compound as an off-white solid (1.08 g, 84%). 
MS MH + calculated for C 2 2H 27 0 5 N 3 SF3 : 502, found 502. 

Example 397: Preparation of ethyl 1- (2-methoxyethyl) - 
3 -phenylpropoxy) phenyl] sulfonyl] -4- 
PiperidinecarVwx- Y latg 



amine, ethyl-4- [ (4-f luorophenyl sulfonyl) ] -1- (2- 
methoxyethyl) -4-piperidinecarboxylate (1.5 g, 4.0 
mmol), 3 -phenyl -1-propanol (2.2 mL, 16 mmol), and 
K 2 C0 3 (2.2 g, 16 mmol) in DMAC (6 mL) was heated at 
125 degrees Celsius for 1 day and at 135 degrees 
Celsius for 3 days. After the mixture was 




Part A: A mixture of the methoxyethyl 
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concentrated in vacuo, diluted with water, and 
extracted with ethyl acetate. The organic layer was 
washed with water and brine, dried over magnesium 
sulfate, and concentrated in vacuo to give a crude 
5 oil. The oil was purified by flash chromatography 
(20:80 hexane/ethyl acetate) to afford the ether as a 
brown oil (1.35 g, 67%). 

Part B: A mixture of the ether of part A 
(1.3 g, 2.7 mmol) and a 50% NaOH aqueous solution 

10 (2.1 g, 27 mmol) in THF (23 mL) , EtOH (23 mL) , and H 2 0 
(12 mL) was heated at 60 degrees Celsius under a 
nitrogen atmosphere for 24 hours. The material was 
concentrated in vacuo and triturated with diethyl 
ether to give a solid. The solid was dissolved in 

15 water, cooled with an ice bath, acidified with 

concentrated hydrochloric acid. The precipitate was 
isolated by filtration, washed with cold water, and 
dried at ambient temperature in a vacuum oven for 3 
days to afford the crude acid. 

20 A mixture of the above crude acid (1.1 g) , 

N-hydroxybenzotriazole (0.36 g, 2.7 mmol), 4- 
methylmorpholine (0.74 mL, 6.7 mmol), O-tetrahydro- 
2H-pyran-2-yl-hydroxylamine (0.39 g, 3.3 mmol), l-(3- 
dimethylaminopropyl ) - 3 - ethylcarbodi imide 

25 hydrochloride (0.60 g, 3.1 mmol) in DMF (11 mL) was 
stirred at ambient temperature under a nitrogen 
atmosphere for 18 hours. The mixture was 
concentrated in vacuo, and dissolved into a solution 
of saturated NaHC0 3 (90 mL) , ethyl acetate (25 mL) , 

30 and a few drops of 2N NaOH. The aqueous layer was 
extracted with additional ethyl acetate. The 
combined ethyl acetate layers were washed with 
saturated NaHC0 3 solution, water, and brine. After 
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10 



15 



20 



drying over magnesium sulfate, the filtrate was 
concentrated in vacuo to give a dark yellow oil. The 
oil was purified by flash chromatography (40:60 
acetonitrile/toluene) to afford the protected 
hydroxamate as a yellow oil (0.32 g, 25%): MS MH+ 
calcd. for C 29 H 40 N 2 O 7 S 561, found 561. 



hydroxamate of part 2B (0.28 g, 0.50 mmol) in 
methanol (4.0 mL) was added acetyl chloride (0.11 mL, 
1.5 mmol) and the solution was stirred at ambient 
temperature under a nitrogen atmosphere for 2.5 
hours. The solution was diluted with diethyl ether 
and concentrated. The solid was triturated with 
diethyl ether and dried at 40 degrees Celsius in a 
vacuum oven to give the title compound as an off 
white solid (0.15 g, 20%): MS MH+ calcd. for 
C 2 4H32N 2 0 6 S 477, found 477. 

Example 398: Preparation of 1-cyclopropyl-N-hydroxy- 



Example 9, part E (14.36 g, 40 mmol) in methanol (50 
mL) was added acetic acid (24.5 g, 400 mmol), a 
portion (about 2 g) of 4-Angstrom molecular sieves, 



Part C: To a solution of the protected 



4- [ [4- (2-phenoxyethoxy) phenyl] sulfonyl] 
-4 -piperidinecarboxamide , 
monohvdrochloT-i cte 




Part A: To a solution of the product of 
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(1-ethoxycyclopropyl) -oxytrimethyl silane (25.8 mL, 
148 mmol) and sodium cyanoborohydride (7.05 g, 112 
mmol) . The solution was heated at reflux for 8 
hours. The precipitated solids were removed by 
5 filtration and the filtrate was concentrated in 

vacuo. The residue was diluted with H 2 0 (400 mL) and 
extracted with ethyl acetate. The organic layer was 
washed with saturated NaCl and dried over MgS0 4 , 
filtered and concentrated in vacuo. The solid was 

10 filtered, washed with H 2 0/diethyl ether to give the 
desired cyclopropyl amine {ethyl-4- [ (4-f luorophenyl- 
sulfonyl) ] -l-cyclopropyl-4-piperidinecarboxylate} as 
a white solid (11.83 g, 81.5%). MS MH* calculated 
for Ci 7 H 22 N0 4 SF: 356, found : 356. 

15 Par t B: A solution of the cyclopropyl amine 

of Part A (2.0 g, 5.6 mmol), ethylene glycol phenyl 
ether (2.8 mL, 23 mmol), and cesium carbonate (7.3 g, 
23 mmol) in DMAC (10 mL) was heat at 125-135 degrees 
Celsius for 18 hours under an atmosphere of nitrogen. 

20 The mixture was concentrated in vacuo, diluted with 
water, and extracted with ethyl acetate. The 
combined ethyl acetate layers were washed with water 
and brine, dried over magnesium sulfate, concentrated 
in vacuo, dissolved in diethyl ether, precipitated as 

25 the hydrochloride salt, and dried at 40 degrees 

Celsius in a vacuum oven. The solid was dissolved 
into a mixture of water, acetonitrile, and ethanol 
and then the pH was adjusted to 12 with IN NaOH 
solution. The mixture was concentrated in vacuo to 

30 remove ethanol and acetonitrile. The solid was 

isolated by filtration, washed with water, and dried 
at 50 degrees Celsius in a vacuum oven to afford the 
ether as a white solid (1.8 g, 68%): MS+ calcd. for 
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C 25 H 3 iN0 6 S 474, found 474. Anal, calcd. for C 2 sH 31 N0 6 S: 
C, 63.40; H, 6.60; N, 2.96; S, 6.77. Found: C, 
63.35; H, 6.59; N, 2.99; S, 6.61. 

Part C: A mixture of the ether of part B 
5 (1.8 g, 3.7 mmol) and a 50% NaOH aqueous solution 

(3.0 g, 37 mmol) in THF (32 mL) , EtOH (32 mL) , and H 2 0 
(16 mL) was heated at 60 degrees Celsius under a 
nitrogen atmosphere for 24 hours. The material was 
concentrated in vacuo and triturated with diethyl 

10 ether to give a solid. The tan solid was dissolved . 
into a mixture of water, ethanol, and THF, 
precipitated by adjusting the pH to 3 with 
concentrated hydrochloric acid, concentrated in 
vacuo, triturated with water, and dried at 50 degrees 

15 Celsius in a vacuum oven to give a crude white solid 
acid (2.3 g) . 

A mixture of the crude white solid acid 
(2.3 g) , N-hydroxybenzotriazole (1.9 g, 14 mmol), 4- 
methylmorpholine (1.6 mL, 14 mmol), 0-tetrahydro-2H- 

20 pyran-2-yl-hydroxylamine (1.1 g, 9.4 mmol), and 1- (3- 
d ime t hy 1 ami nopropy 1 ) - 3 - e t hy 1 carbodi i mi de 
hydrochloride (2.7 g, 14 mmol) in DMF (90 mL) was 
stirred at ambient temperature under a nitrogen 
atmosphere for 2 days. The mixture was concentrated 

25 in vacuo, diluted with water, and extracted with 

ethyl acetate. The organic layer was washed with IN 
NaOH solution, water, and brine, dried over magnesium 
sulfate, concentrated in vacuo, and purification by 
flash chromatography (20:80 to 40:60 ethyl 

30 acetate/toluene) to afford the protected hydroxamate 
as a white solid: (0.43 g, 21%): MS MH+ calcd. for 
C 2 bH36N 2 0 7 S 545, found 545. Anal, calcd. for 
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C28H 3 6N 2 0 7 S: C, 61.74; H, 6.66; N, 5.14; S, 5.89. 

Found: C, 61.72; H, 6.75; N, 5.06; S, 5.91. 

Additional compound was isolated by 

acidifying the aqueous layer to pH of 3, collecting 
5 the solid by filtration, and drying to give a white 

solid (0.80 g) . 

Part D: To an ambient temperature solution 

of acetyl chloride (0.31 mL, 4.4 mmol) in methanol 

(11 mL) under a nitrogen atmosphere was added the 
10 protected hydroxamate of part C (0.80 g, 1.5 mmol). 

After stirring for 2.5 hours, the precipitate was 

collected by filtration, washed with diethyl ether, 

and dried at 45 degrees Celsius in a vacuum oven to 

afford the title compound as a white solid (0.58 g, 
15 79%): MS MH+ calcd. for C 23 H 28 N 2 0 6 S 461, found 461. 

Anal, calcd. for C 23 H 28 N 2 0 6 S-1.5HCl : C, 53.62; H, 5.77; 

N, 5.44; S, 6.22. Found: C, 53.47; H, 5.79; N, 5.41; 

S, 6.16. 



20 Example 399: Preparation of hydroxy-1- (3- 

pyridinylmethyl) -4- [ [4- [4- 
(trif luoromethoxy) phenoxy] phenyl] - 
sulfonyl] -4-piperidinecarboxamide, 
dihY4rQghlor-i<1e 



O 
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Part A: A solution of the amine 
hydrochloride salt of the product of Example 410(2.4 
g, 4.6 mmol) , 3-picolyl chloride (1.5 g, 8.8 mmol), 
and potassium carbonate (4.3 g, 31 mmol) in DMF (12) 
5 was heated at 50 degrees Celsius for 1 day under an 
atmosphere of nitrogen. The mixture was concentrated 
in vacuo, dissolved into water, and extracted with 
ethyl acetate. The organic layers were washed with 
water and brine, dried over magnesium sulfate, 

10 concentrated in vacuo. The residue was purified by 
flash chromatography (50:50 ethyl acetate/hexane) to 
afford the 3-picolyl amine as an amber oil (1.6 g, 
60%): MS MH+ calcd. for C 2 7H27N 2 0 € SF3 565, found 565. 
Anal, calcd. for C 27 H 27 N 2 0 6 SF 3 : C, 57.44; H, 4.82; N, 

15 4.96; S, 5.68. Found: C, 57.49; H, 5.10; N, 4.69; S, 
5.67 

Part B: A mixture of the 3-picolyl amine of 
part 4A (1.5 g, 2.6 mmol) and a 50% NaOH aqueous 
solution (2.1 g, 26 mmol) in THF (22 mL) , EtOH (22 

20 mL) , and H 2 0 (11 mL) was heated at 65 degrees Celsius 
under a nitrogen atmosphere for 24 hours. The 
material was concentrated in vacuo and triturated 
with diethyl ether to give a solid. The tan solid 
was dissolved into water and the pH was adjusted to 1 

25 with concentrated hydrochloric acid. The mixture was 
concentrated in vacuo, and dried in a 45 degrees 
Celsius vacuum oven to afford the crude white solid 
acid (2.5 g) : MS MH+ calcd. for C 2S H 23 N 2 O fi SF 3 537, found 
537. 

30 Part C: A mixture of the crude white acid 

of part B (2.5 g), N-hydroxybenzotriazole (1.0 g, 7.7 
mmol), 4-methylmorpholine (0.64 mL, 7.7 mmol), O- 
tetrahydro-2H-pyran-2-yl-hydroxylamine (0.60 g, 5.1 
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mmol ) , and 1 - ( 3 - dimethyl - aminopropyl ) - 3 - 
ethylcarbodiimide hydrochloride (1.5 g, 7.7 mmol) in 
DMF (40 mL) was stirred at ambient temperature under 
a nitrogen atmosphere for 5 days. The mixture was 
5 concentrated in vacuo, diluted with ethyl acetate, 
and washed with water and brine. The organic layer 
was dried over magnesium sulfate, concentrated in 
vacuo, and purified by flash chromatography (5:95 
methanol/chloroform) to afford the protected 

10 hydroxamate as a white foam (1.1 g, 66%) : MS MH+ 
calcd. for CaoI^NaOySFa 636, found 636. 

Part D: An ambient temperature solution of 
the protected hydroxamate of part C (1.0 g, 1.6 mmol) 
and acetyl chloride (0.34 mL, 4.7 mmol) in methanol 

15 (11 mL) under a nitrogen atmosphere was stirring for 
2.5 hours, and then poured into diethyl ether. The 
solid was isolated by filtration and dried at 46 
degrees Celsius in a vacuum oven to afford the title 
compound as a white solid (0.85 g, 87%): Anal, calcd. 

20 for C 25 H 24 N 3 0 6 SF3-2.2HC1: C, 47.53; H, 4.18; N, 6.65; S, 
5.08. Found: C, 47.27; H, 4.34; N, 6.60; S, 5.29. MS 
MH+ calcd. for Cas^NsOsSFa 552, found 552. 



25 Example 400: Preparation of N-Hydroxy-4- [4- (4- 

methoxyphenoxy) phenyl ] sulfonyl] -1- (2- 
pyridinylmethyl) -4-piperidine- 
carbo xamide. g-Lhvrirochioridg 
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Part A: Ethyl -4- [ (4-f luorophenylsulf onyl) ] - 
4-piperidinecarboxylate hydrochloride (2.02 g, 5.76 
5 mmol) was combined with powdered potassium carbonate 
(2.48 g, 18 mmol) and N, N-dimethylformamide (12 mL) . 
2-Picolyl hydrochloride (l.o g, 6.1 mmol) was added, 
and the mixture was stirred for twenty- four hours at 
forty degrees Celsius. The reaction mixture was 

10 diluted with water (80 mL) and extracted with ethyl 

acetate (3 X 50mL) . The combined organic layers were 
dried over magnesium sulfate, concentrated, and 
subjected to chromatography (ethyl acetate) affording 
the desired pyridine ester as an oil (2.30 g, 

15 quantitative) . 

Part B: The pyridine ethyl ester from Part 
A (2.30 g, 5.76 mmol) was combined with powdered 
potassium carbonate (1.29 g, 9 mmol), 4-methoxyphenol 
(1.12 g, 9.0 mmol), and N, N-dimethylformamide (3 mL) , 

20 and the mixture was heated at seventy five to eighty 
degrees C for twenty-four hours. Additional 4- 
methoxyphenol (300 mg) and potassium carbonate (350 
mg) were added, and the mixture was stirred an 
additional three hours at ninety degrees Celsius. 

25 The mixture was diluted with water (50 mL) and 
extracted with ethyl acetate (3 X 50 mL) . The 
combined organic layers were dried using magnesium 
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sulfate, concentrated, and chromatographed, affording 
the desired ester as an oil (2.85 g, quantitative). 

Part C: The ester of part B (2.85 g) was 
combined with ethanol (18 mL) , water (6 mL) , and 
5 potassium hydroxide (2.24 g, 40 mmol) . The mixture 
was brought to reflux and heated for four and one- 
half hours. It was cooled to. zero degrees Celsius and 
acidified using concentrated aqueous hydrogen 
chloride. The solvent was removed, and the resulting 
10 solids were dried by azeotroping with acetonitrile. 
Vacuum was applied until constant weight was 
achieved. 

The crude acid hydrochloride was stirred 
with N-methylmorpholine (1 mL) , 1- 

15 hydroxybenzotriazole (0.945 g, 7 mmol), 0- 

tetrahydropyranyl hydroxylamine (0.82 g, 7 mmol), and 
N,N-dimethyformamide (21 mL) . After ten minutes, 1- 
(3 -dimethyl aminopropyl) -3-ethylcarbodiimide 
hydrochloride (1.34 g, 7 mmol) was added, and the 

20 mixture was stirred overnight. The reaction was then 
diluted with half - saturated aqueous sodium 
bicarbonate (100 mL) , and extracted with ethyl 
acetate (200 mL, then 50 mL) . The combined organic 
layers were dried over magnesium sulfate, 

25 concentrated, and chromatographed (9:1 ethyl acetate: 
hexane) to afford the desired O-tetrahydropyranyl- 
protected hydroxamate as a yellow oil (2.82 g, 88%). 

Part D: The 0- tetrahydropyranyl -protected 
hydroxamate of part C (2.82 g, 5 mmol) was diluted 

30 with methanol (20 mL) . Acetyl chloride (2.1 mL, 30 
mmol) was added over two minutes. The reaction was 
stirred for 4 hours at ambient temperature, then 
concentrated to afford 2.59 g of crude 
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dihydrochloridesalt , which was recrystallized from 
ethanol /water, affording 525 mg (18%) of the title 
hydroxamate in the first crop. MS (EI) MH* calculated 
for C 2 5H27N 3 0 6 S: 498, found 498. 

Example 401: Preparation of N-Hydroxy-4- [4- (4- 
cyclohexylthio) phenyl] sulfonyl] -1- 
(2-methoxyethyl) -4-piperidine- 
carboxamide. hvdrochl nnri fi 




Part A: Ethyl-4- [ (4-f luorophenylsulf onyl) ] - 
1- (2-methoxyethyl) -4-piperidinecarboxylate (5.5 g, 14 

15 mmol) was combined with powdered potassium carbonate 
(2.76 g , 20 mmol), N, N-dimethylf ormamide (7 mL) , 
and cyclohexyl mercaptan (2.4 mL, 2 0 mmol) and was 
stirred at ambient temperature for two days. The 
temperature was raised to forty- five to fifty degrees 

20 Celsius and stirring was continued another 24 hours. 
Additional quantities of potassium carbonate (1.0 g) 
and cyclohexyl mercaptan (1.0 mL) were introduced and 
the reaction was heated sixteen additional hours. 
The mixture was diluted with water (50 mL) , and 

25 extracted with ethyl acetate (100 mL, then 25 mL) . 

The combined organic layers were dried, concentrated, 
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and chromatographed (ethyl acetate) affording the 
desired sulfide as a yellow oil (3.59 mL, 53%). 

Part B: The sulfide from Part A (3.59 gm, 
7.4 mmol) was converted to tetrahydropyranyl - 
5 protected hydroxamate by saponification followed by 
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride coupling by the method of Example 401, 
part C, affording 2.16 g (54%) of the desired 
tetrahydropyranyl -protected hydroxamate as an oil. 

10 Part C: The tetrahydropyranyl -protected 

hydroxamate from part B (2.16 g, 4 mmol) was diluted 
with methanol (16 mL) . Acetyl chloride (1.1 mL, 16 
mmol) was added over one minute. The reaction was 
stirred for four hours, then concentrated and 

15 azeotroped with acetonitrile to afford 1.11 g of 

crude product, which was recrystallized from absolute 
ethanol to afford in the first crop 804 mg of the 
title compound (41%) . MS (EI) MH + calculated for 
C 21 H 32 N 2 0 5 S 2 : 457, found 457. 

20 

Example 402: Preparation of N-Hydroxyl-1- (2- 

methoxyethyl) -4- [ [ (phenylmethoxy) 
phenyl] -sulfonyl] -4- 
Piperidinecarhoxami He> 

25 
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Part A: Ethyl-4-[(4-fluorophenylsulfonyl)]- 
1- (2-methoxyethyl) -4-piperidinecarboxylate (1.58 g, 
4.5 mmol) was combined with powdered potassium 
carbonate (2.42 g , 18 mmol), N, N-dimethylacetamide 
5 (5 mL), and benzyl alcohol (1.94 mL, 18 mmol) and was 
stirred at one hundred forty degrees Celsius for 
sixteen hours. The mixture was diluted with water 
(50 mL) , and extracted with ethyl acetate (125 mL, 
then 25 mL) . The combined organic layers were dried, 
10 concentrated, and chromatographed (ethyl acetate) 

affording the desired ethyl ester as an oil (1.16 mL, 
56%) . 

Part B : The ethyl ester from part A (1.16 
gm, 2.5 mmol) was converted to the tetrahydropyranyl - 

15 protected hydroxamate by saponification followed by 
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride coupling by the method of Example 401, 
part C, affording 880 mg (80%) of the 
tetrahydropyranyl -protected hydroxamate as an oil. 

20 Part C: The tetrahydropyranyl -protected 

hydroxamate from Part B (880 mg, 2.0 mmol) was 
diluted with methanol (8 mL) . Acetyl chloride (0.68 
mL,10 mmol) was added over one minute. The reaction 
was stirred for three hours, then concentrated and 

25 azeotroped with acetonitrile to afford the crude 

product, which was converted to free base by adding 
enough saturated aqueous sodium bicarbonate (25 mL.) 
to neutralize the hydrogen chloride, then extracting 
with ethyl acetate (100 mL, then 50 mL) . The organic 

30 phase was dried with magnesium sulfate, concentrated, 
and chromatographed (9:1 dichloromethane : methanol, 1% 
ammonium hydroxide) , affording the title hydroxamate 
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as a glass, (327 mg, 36%). MS (EI) MH* calculated for 
C 22 H28N 2 06S: 447, found 447. 

Example 403: Preparation of N-hydroxyl-1- ti- 
me thylethyl) -4- [ [4- (2-phenylethoxy) - 
phenyl] sulfonyl] -4 -piperidine 
carboxami rte 




Part A: Ethyl -4- [ (4 -fluorophenyl sulfonyl) ] - 
1- (1-methylethyl) -4-piperidinecarboxylate (2.75 g, 
7.7 mmol) was combined with powdered potassium 
carbonate (2.62 g , 19 mmol), N, N-dimethylformamide 

15 (10 mL), and 2- phenyl ethanol (2. mL, 19 mmol) and was 
stirred at eighty- five degrees Celsius for twenty 
four hours. Additional potassium carbonate (1.3 g) 
and 2 -phenyl ethanol were added, and the temperature 
was raised to one hundred-ten degrees Celsius for 

20 forty- eight hours, then one hundred thirty- five 
degrees Celsius for four hours. The mixture was 
diluted with water (100 mL) , and extracted with ethyl 
acetate (200 mL, then 25 mL) . The combined organic 
layers were dried, concentrated, and chroma tographed 

25 (ethyl acetate) affording the desired ethyl ester as 
an oil (3 . 19 mL, 90%) . 

Part B: The ethyl ester from Part A (3.19 
gm, 6.9 mmol) was converted to tetrahydropyranyl- 
protected hydroxamate by saponification followed by 
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1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride coupling by the method of Example 401, 
part C, affording 2.27 g (64%) of the title compound 
as an oil. 

5 Part C: The tetrahydropyranyl -protected 

hydroxamate from Part B (2.27 mg, 4.4 mmol) was 
diluted with methanol (16 mL) . Acetyl chloride (0.68 
mL,10 mmol) was added over one minute. The reaction 
was stirred for three hours, then concentrated and 

10 azeotroped with acetonitrile to afford the crude 

product, which was converted to free base by adding 
enough saturated sodium bicarbonate (25 mL) to 
neutralize the hydrogen chloride, then extracting 
with ethyl acetate (100, then 50 mL) . The organic 

15 phase was dried with magnesium sulfate, concentrated, 
and chromatographed (9:1 dichlorome thane : methanol , 1% 
ammonium hydroxide) , affording the desired 
hydroxamate as a glass, (819 mg, 42%) . MS (EI) MH + 
calculated for C^oN^sS: 449, found 449. 

20 

Example 404: Preparation of N-hydroxy-4- [ (4- 
phenylthiophenyl) sulfonyl] -1- (2- 
propynyl ) -4 -piperidinecarboxamide , 
Phosphoric acid salt- 

25 
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W 

N-Hydroxy-4- [ (4 -phenyl thiophenyl) sulfonyl] - 
1- (2-propynyl) -4-piperidinecarboxamide (430 mg, 1.0 
mmol) was dissolved in methanol (15 mL) . 
Concentrated phosphoric acid (67 uL) was added, and 
5 the solution was then concentrated in vacuo. The 

residue was recrystallized from methanol, isolated by 
filtration, and then recrystallized a second time 
from methanol /methyl t -butyl ether affording the 
title phosphate as a solid (215 mg, 41%) . Analytical 
10 calculation for C 21 H 22 N 2 0 4 .H 3 P0 4 : C, 47.72; H, 4.77; N, 
5.30, found: C, 47.63; H, 5.04; N, 4.82. 

Example 405: Preparation of N-hydroxy-4- [ (4- 
phenylthiophenyl) sulfonyl] -1- 
15 (2-propynyl) -4-piperidinecarboxamide, 

P-toluenesulfonir ! acid salt- 




20 N-Hydroxy-4- [ (4-phenylthiophenyl) sulfonyl] - 

1- (2-propynyl) -4-piperidinecarboxamide (516 mg, 1.0 
mmol) was combined with p-toluenesulfonic acid, 
monohydrate (200 mg, 1.05 mmol), and the mixture was 
dissolved in methanol (3 mL) . After four hours, the 

25 resulting white precipitate was collected by 

filtration affording 488 mg (81%) of the title 
tosylate salt, which was characterized 
spectroscopically. 
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Example 406: Preparation of 4- [ [4- [ (2, 3-dihydro-lH- 
inden-2-yl) amino] phenyl] sulfonyl] -N- 
hydroxy-4 -piperidinecarboxamide , 
rconohydrochlpride 




Part A: A solution of the product of 
10 Example 9, Part D (0.979 g, 2.36 mmol) , 2-aminoindan 
hydrochloride (1.00 g, 5.89 mmol), and cesium 
carbonate (1.92 g, 5.89 mmol) in N,N- 
dimethylformamide (8 mL) was heated to 95 degrees 
Celsius for 22 hours. The reaction was then cooled, 
15 diluted with ethyl acetate (50 mL) , and washed with 
three times with water and once with brine, then 
dried over sodium sulfate. Concentration gave a 
residue that was chromatographed on silica gel. 
Elution with ethyl acetate/hexane (30/70) afforded 
20 the desired 4-aminosulfone derivative (450 mg, 36%) . 
MS (EI) MH + calculated for C 28 H 36 N 2 0 6 S: 529, found 529. 
HRMS M+ calculated for C 28 H 36 N 2 0 6 S: 528.2294, found 
528.2306. 

Part B: To a solution of the ethyl ester 
25 of part A (450 mg, 0.85 mmol) in ethanol (3 mL) , 
water (2 mL) and tetrahydrofuran (3 mL) was added 
sodium hydroxide (340 mg, 8.5 mmol), and the solution 
was heated to 60 degrees Celsius for 26 hours. The 
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solution was cooled and then diluted with water (10 
mL) followed by 10% aqueous hydrochloric acid (3 mL) 
to bring the pH to 2. The resulting solution was 
extracted with ethyl acetate. The organic extracts 
5 were combined and washed with water and brine and 
dried over sodium sulfate to afford the desired 
carboxylic acid as a pale brown foam (376 mg, 88%) . 
Analytical calculation for C26H32N2O6S : C, 62.38; H, 
6.44; N, 5.60; S, 6.40. Found: C, 62.48; H, 6.69; 

10 N, 5.42; S, 6.27. 

Part C: To a solution of the carboxylic 
acid of part B (305 mg, 0.609 mmol) in N,N- 
dimethylformamide (2 mL) was added 4-methylmorpholine 
(247 mg, 2.44 mmol), N-hydroxybenzotriazole (99 mg, 

15 0.73 mmol), and 1- [3- (dimethyl amino) propyl] -3- 

ethylcarbodiimide hydrochloride (152 mg, 0.79 mmol) 
followed by O- (tetrahydro-2H-pyran-2-yl) 
hydroxylamine (97 mg, 0.82 mmol). After stirring for 
2 days at ambient temperature, the solution was 

20 concentrated to an oil. Water was added and the 
mixture was extracted with ethyl acetate. The 
organic extracts were washed with water and brine and 
dried over sodium sulfate. Concentration gave a 
brown foam that was chromatographed on silica gel. 

25 Elution with ethyl acetate/hexane (40/60) afforded 
the protected hydroxamate derivative as a colorless 
glass (0.38 g, 100%). MS MH + calculated for 
C31H41N3O7S: 600, found 600. 

Part D: To a solution of the protected 

30 hydroxamate of part C (350 mg, 0.584 mmol) in 

methanol (3 mL) and 1,4-dioxane (1.5 mL) was added 4 
N HC1/ 1,4-dioxane (1.5 mL, 6 mmol), and the solution 
was stirred at ambient temperature for 3 hours. 
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Concentration gave a residue that was triturated with 
diethyl ether to afford the title compound as a 
solid, which was filtered and dried for 40 hours at 
51 degrees Celsius (249 mg, 94%) . HRMS (ESI) MH + 
5 calculated for C 21 H 25 N 3 0 4 S: 416.1644, found 416.1647. 

Example 407 : Preparation of 4- [ [4- (dimethyl amino) - 
phenyl] sulfonyl] -N- hydroxy- 4- 
piperidine-carboxamide , 
0 monohvdrochloridP 




Part A: A solution of the product of 
15 Example 9, Part D (0.979 g, 2.36 mmol) , 2-aminoindan 
hydrochloride (1.00 g, 5.89 mmol), and cesium 
carbonate (1.92 g, 5.89 mmol) in N,N- 
dimethylformamide (8 mL) was heated to 95 degrees 
Celsius for 22 hours. The reaction was then cooled, 
20 diluted with ethyl acetate (50 mL) , and washed with 
three times with water and once with brine, then 
dried over sodium sulfate. Concentration gave a 
residue that was chromatographed on silica gel. 
Elution with ethyl acetate /hexane (30/70) afforded 
25 the 4-N,N-dimethylaminosulfone derivative (590 mg, 
57%) alongside the product of example 406. MS (EI) 
MH + calculated for C2iH 32 N 2 0 6 S: 441, found 441. HRMS 
calculated for C 2 iH 32 N 2 0 6 S: 440.1981, found 440.1978. 
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Part B: To a solution of the ethyl ester 
of part A (580 mg, 1.3 mmol) in ethanol (4 mL) , water 
(3 mL) and tetrahydrof uran (4 mL) was added sodium 
hydroxide (520 mg, 13 mmol) , and the solution was 
5 heated to 62 degrees Celsius for 5 hours. The 

solution was cooled and then diluted with water (5 
mL) followed by 10% aqueous hydrochloric acid (5 mL) 
to acidify to pH=2 . The resulting solution was 
extracted with ethyl acetate. The organic extracts 

10 were combined and washed with water and brine and 
dried over sodium sulfate to afford the desired 
carboxylic acid as a pale brown foam (520 mg, 97%) . 
MS MH + calculated for Ci 9 H 28 N 2 0 6 S: 413, found 413. 

Part C: To a solution of the carboxylic 

15 acid of part B (500 mg, 1.21 mmol) in N,N- 

dimethylformamide (4 mL) was added 4-methylmorpholine 
(490 mg, 4.8 mmol), N-hydroxybenzotriazole (197 mg, 
1.45 mmol), and 1- [3- (dimethylamino) propyl] -3 - 
ethyl carbodiimide hydrochloride (302 mg, 1.57 mmol) 

20 followed by O- ( tetrahydro-2H-pyran-2-yl) 

hydroxylamine (192 mg, 1.63 mmol). After stirring 
for 2 days at ambient temperature, the solution was 
concentrated to an oil. Water (25 mL) was added and 
the mixture was extracted with ethyl acetate. The 

2 5 organic extracts were washed with water and brine and 
dried over sodium sulfate. Concentration gave a 
brown oil, which crystallized from a mixture of ethyl 
acetate, hexane and methylene chloride (1:1:2) to 
afford the protected hydroxamate derivative as a 

30 colorless solid (506 mg, 82%) . MS MH + calculated for 
C24H37N3O7S: 512, found 512. 

Part D: To a solution of the protected 
hydroxamate of part C (477 mg, 0.932 mmol) in 
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methanol (3 mL) and 1,4-dioxane (3 mL) was added 4 N 
HC1/ 1,4-dioxane (2.3 mL, 9.3 mmol) , and the solution 
was stirred at ambient temperature for 3 hours. 
Concentration gave a residue that was triturated with 
diethyl ether to afford the title compound as a 
solid, which was filtered and dried for 40 hours at 
51 degrees Celsius (372 mg, 100%) . HRMS (ESI) MH + 
calculated for C 14 H 21 N 3 0 4 S: 328.1331, found 328.1343. 



10 Example 4 08; 



15 



Preparation of l-cyclopropyl-4- [ [4- 
[(2,3 -dihydro- 1 , 4 -benzodioxin- 6-yl ) oxy] 
phenyl] -sulfonyl] -N-hydroxy-4- 
piperidine-carboxamide, 
monohvdrochloride 



HOHN 




20 



25 



Part A: To a solution of the product of Example 
398, Part A (1.36 g, 3.47 mol) in N,N- 
dimethylformamide (8 mL) was added 6-hydroxybenzo- 
1,4-dioxane (792 mg, 5.21 mmol) followed by cesium 
carbonate (2.83 g, 8.69 mmol) and the solution was 
heated at one hundred degrees Celsius for 20 hours. 
The solution was partitioned between ethyl acetate 
and H 2 0. The aqueous layer was extracted with ethyl 
acetate and the combined organic layers were washed 
with H 2 0 and saturated NaCl and dried over Na 2 S0 4 . 
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Filtration through a silica pad (ethyl 
acetate/hexane) provided the phenoxyphenyl compound 
as an orange oil (1.81 g, quantitative yield). MS(CI) 
MH + calculated for C25H29NO7S: 488 , found 488. 
5 Part B: To a solution of the phenoxyphenol 

compound of part A (1.81 g, <3.47 mmol) in 
tetrahydrofuran (10 mL) and ethanol (10 mL) was added 
sodium hydroxide (1.39 g, 34.7 mmol) in H 2 0 (5 mL) . 
The solution was heated to sixty degrees Celsius for 

10 20 hours. The solution was concentrated in vacuo and 
the aqueous residue was acidified to pH = 2 with 10% 
HC1. The resulting solid was collected by vacuum 
filtration to provide the acid as a yellow solid 
(1.23 g, 72%). MS(CI) MH + calculated for C 23 H 2 5N0 7 S: 

15 460, found 460. HRMS calculated for C 23 H 2 5N0 7 S: 
460.1430, found 460.1445. 

Part C: To a suspension of the acid of part B 
(1.21 g, 2.46 mmol) in N, N-dimethylf ormamide (20 mL) 
was added N-hydroxybenzotriazole (399 mg, 2.95 mmol), 

20 4-methylmorpholine (0.81 mL, 7.38 mmol) and O- 

(tetrahydro-2H-pyran-2-yl)hydroxylamine (432 mg, 3.69 
mmol). After stirring for one hour l-[3- 
( dimethyl amino) propyl] -3-ethylcarbodiimide 
hydrochloride (660 mg, 3.44 mmol) was added and the 

25 solution was stirred for 20 hours at ambient 

temperature. The solution was partitioned between 
ethyl acetate and H 2 0 and the aqueous layer was 
extracted with ethyl acetate. The organic layer was 
washed with saturated NaCl and dried over Na 2 S0 4 . 

30 Chromatography (on silica, ethyl acetate/hexane) 

provided the protected hydroxamate as a yellow oil 
(940 mg, 70 %) . MS(CI) MH + calculated for C 28 H3 4 N 2 0 2 S: 
559, found 559. 
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Part D: To a solution of the protected 
hydroxamate of part C (920 mg, 1.68 mmol) in 1,4- 
dioxane (15 mL) was added 4N HC1 in 1,4-dioxane (10 
tnL) . After stirring at ambient temperature for 2 
5 hours the resulting precipitate was collected by 
vacuum filtration and washed with ethyl ether to 
provided the title compound as a white solid (510 mg, 
60 %) . MS (CI) MH* calculated for C 23 H 26 N 2 0 7 S : 475, found 
475. HRMS calculated for C 23 H 26 N0 7 S : 475.1539, found 
10 475.1553. Analytical calculation for C 23 H26N20 7 S 

•1.15HCl«0.5H 2 O: C, 52.57; H, 5.40; N, 5.33; CI, 7.76. 
Found: C, 52.62; H, 5.42; N, 5.79; Cl, 7.71. 



Example 409: Preparation of N-hydroxy-4- [ [4- [4- 

(trif luoromethyl) phenoxy] phenyl] sulf onyl 
] -4-piperidinecarboxamide, 
monohvdrochln-H Hp 




H 

20 

Part A: To a solution of the product of 
Example 9, Part D (1.5 g, 3.61 mmol) in N,N- 
dimethylformamide (10 mL) was added cesium carbonate 
(2.94 g, 9.03 mmol) and a,a,cc-trif luoro-p-cresol (877 
25 mg, 5.41 mmol) . The solution was heated to ninety 
degrees Celsius for 20 hours. The solution was 
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partitioned between ethyl acetate and H 2 0 and the 
organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Filtration through a silica pad 
(ethyl acetate) provided the diaryl ether as a yellow 
5 oil (2.30 g, quantitative yield). MS(CI) MH* 
calculated for C 2 6H 30 NO 7 SF 3 : 558, found 558. 

Part B: To a solution of the diaryl ether 
of part A (2.30 g, <3.61 ramoL) in tetrahydrof uran (10 
mL) and ethanol (10 mL) was added sodium hydroxide 

10 (1.44 g, 36.1 mmol) in H 2 0 (5 mL) and the solution was 
heated to sixty degrees Celsius for 18 hours. The 
solution was concentrated and the aqueous residue was 
acidified to pH = 2 with 10% HC1 and extracted with 
ethyl acetate. The organic layer was washed with 

15 saturated NaCl and dried over Na 2 S0 4 . Concentration 
in vacuo provided the acid as a solid (2.11 g, 
quantitative yield). MS (CI) MH* calculated for 
C 24 H 26 N0 7 SF3 : 530, found 530. 

Part C: To a solution of the acid of part 

20 B (2.11 g, <3.61 mmol) in N,N-dimethylf ormamide (10 
mL) was added N-hydroxybenzotriazole (586 mg, 4.33 
mmol), 4-methylmorpholine (1.19 mL, 10.83 mmol) and 
O- (tetrahydro-2H-pyran-2-yl)hydroxylamine (634 mg, 
5.41 mmol) . After stirring for one hour, 1- [3- 

25 (dimethyl ami no) propyl] -3-ethylcarbodiimide 

hydrochloride (969 mg, 5.05 mmol) was added and the 
solution was stirred for 18 hours. The solution was 
partitioned between ethyl acetate and H 2 0. The 
aqueous layer was extracted with ethyl acetate and 

30 the combined organic layers were washed with H 2 0 and 
saturated NaCl and dried over MgS0 4 . Chromatography 
(on silica, ethyl acetate/hexane) provided the 
protected hydroxamate as a clear, colorless oil (1.40 
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g, 62 %). MS (CI) MH* calculated for C 29 H35N 2 O a SF 3 : 629, 
found 629. 

Part D: To a solution of the protected 
hydroxamate of part C (1.40 g, 2.23 mmol) in 1,4- 
5 dioxane (10 mL) was added 4N HC1 in 1,4-dioxane (15 
mL) and the solution was stirred for 2 hours. The 
solution was diluted with ethyl ether and the 
resulting precipitate was collected by vacuum 
filtration to provide the title compound as a white 

10 solid (747 mg, 70 %) . HPLC purity: 97.5 %. MS(CI) MH* 
calculated for C 19 H 19 N 2 O s SF 3 : 445, found 445. HRMS 
calculated for C 19 H 19 N 2 05SF3 : 445.1045, found 445.1052. 
Analytical calculation for Ci 9 Hi 9 N 2 O 5 SF 3 «0 . 5H 2 0»1 . 0HC1 : 
C, 46.58; H, 4.32; N, 5.72; S, 6.55; CI, 7.24. Found: 

15 C, 46.58; H, 3.82; N, 5.61; S, 6.96; CI, 7.37. 

Example 410: Preparation of N-hydroxy-4- [ [4- 

[ ( trif luoromethoxy) phenoxy] phenyl] 
sulfonyl] -4-piperidinecarboxamide, 
20 monohvdrochlori Hp 

O n 
H HCI 

Part A: To a solution of the product of 
25 Example 9, Part D (1.5 g, 3.61 mmol) in N,N- 

dimethylformamide (10 mL) was added cesium carbonate 
(2.94 g, 9.03 mmol) and 4- (trif luoromethoxy) phenol 
(0.70 mL, 5.41 mmol). The solution was heated to 
ninety degrees Celsius for 20 hours. The solution 
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was partitioned between ethyl acetate and H 2 0 and the 
organic layer was washed with saturated NaCl and 
dried over Na 2 S0 4 . Filtration through a silica pad 
(ethyl acetate) provided the phenoxyphenol as a 
5 yellow oil (2.11 g, quantitative yield). MS (CI) MNa* 
calculated for C 26 H 3 oN0 8 SF 3 : 596, found 596. 

Part B: To a solution of the phenoxyphenol 
of part A (2.11 g, <3.61 mmoL) in tetrahydrofuran (10 
mL) and ethanol (10 mL) was added sodium hydroxide 

10 (1.44 g, 36.1 mmol) in H 2 0 (5 mL) , and the solution 
was heated to sixty degrees Celsius for 18 hours. 
The solution was concentrated and the aqueous residue 
was acidified to pH = 2 with 10% HC1 and extracted 
with ethyl acetate. The organic layer was washed 

15 with saturated NaCl and dried over Na 2 S0 4 . 

Concentration in vacuo provided the acid as a solid 
(2.2 g, quantitative yield). MS (CI) MH + calculated for 
C 24 H 26 N0 8 SF 3 : 546, found 546. 

Part C: To a solution of the acid of part 

20 B (2.2 g) in N, N- dimethyl formamide (10 mL) was added 
N-hydroxybenzotriazole (586 mg, 4.33 mmol), 4- 
methylmorpholine (1.19 mL, 10.83 mmol) and O- 
(tetrahydro-2H-pyran-2-yl)hydroxylamine (634 mg, 5.41 
mmol). After stirring for thirty minutes, l-[3- 

25 (dimethylamino) propyl] -3 -ethylcarbodiimide 

hydrochloride (969 mg, 5.05 mmol) was added and the 
solution was stirred for 96 hours. The solution was 
partitioned between ethyl acetate and H 2 0. The 
aqueous layer was extracted with ethyl acetate and 

3 0 the combined organic layers were washed with H 2 0 and 
saturated NaCl and dried over MgS0 4 . Chromatography 
(on silica, ethyl acetate /hexane) provided the 
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10 



15 



protected hydroxamate as a clear, colorless oil (1,26 
g, 53 %) . 

Part D: To a solution of the protected 
hydroxamate of part C (1.26 g, 1.96 mmol) in 1,4- 
dioxane (10 mL) was added 4N HC1 in 1,4-dioxane (10 
mL) and the solution was stirred for 2 hours. The 
solution was diluted with ethyl ether and the 
resulting precipitate was collected by vacuum 
filtration to provide the title compound as a white 
solid (455 mg, 47 %) . HPLC purity: 98 %. MS(CI) MH+ 
calculated for C 19 Hi 9 N 2 0 6 SF3 : 461, found 461. HRMS 
calculated for C 19 Hi 9 N 2 0 6 SF 3 : 461.0994, found 461.0997. 
Analytical calculation for C 19 H 19 N 2 0 6 SF 3 »1 . 0HC1 : C, 
45.93; H, 4.06; N, 5.64; S, 6.45; CI, 6.45. Found: C, 
46.23; H, 4.07; N, 5.66; S, 6.59; CI, 7.03. 



20 



Example 411 



Preparation of 1- eye lop ropy 1-4- [ [4- 
[(2,3 -dihydro- 1 , 4-benzodioxin-6- 

yl) amino] -phenyl] sulfonyl] -N-hydroxy-4- 

piperidine-carboxamide, 

monohvdrochloride 



HOHN 




25 Part A: To a solution of ester of part C, 

Example 91 (1.57 g, 3.40 mmol) in 1,4-dioxane (5 mL) 
was added 4M HCl in 1,4-dioxane (10 mL) . After 
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stirring for one hour the resulting precipitate was 
collected by vacuum filtration to provide the amine 
hydrochloride salt as a white solid (1.16 g, 86 %) . 
Part B: To a slurry of the amine 
5 hydrochloride salt of part A (1.16 g, 2.91 mmol) in 
methanol (10 mL) was added acetic acid (1.68 mL, 29.1 
mmol ) f ol lowed by ( 1 -ethyoxycyclopropyl ) - 
oxytrimethylsilane (3.51 mL, 17.5 mmol) and sodium 
cyanoborohydride (823 mg, 13.1 mmol). The solution 

10 was heated to reflux for six hours. The solution was 
filtered and the filtrate was concentrated in vacuo. 
The residue was dissolved into ethyl acetate and 
washed with H z O, aqueous sodium hydroxide and 
saturated NaCl and dried over MgS0 4 . Concentration in 

15 vacuo provided the N-cyclopropyl compound as a white 
solid (1.03 g, 88 %) . 

Part C: To a solution of the N-cyclopropyl 
compound of part B (l.o g, 2.49 mmol) in toluene (6 
mL) was added cesium carbonate (1.14 g, 3.49 mmol), 

20 tris(dibenzylideneacetone)dipalladium(0) (69 mg, 

0.075 mmol) R- (+) -2,2' -bis (diphenylphosphino) -1, 1' - 
binaphthyl (69 mg, 0.112 mmol) and 1 , 4-benzodioxane- 
6-amine (451 mg, 2.99 mmol) and the solution was 
heated to one hundred degrees Celsius for 19 hours. 

25 The solution was diluted with ethyl ether and 
filtered through Super Cel®. The filtrate was 
concentrated and chromatography (on silica, ethyl 
acetate/hexane) provided the aniline compound as an 
orange oil (561 mg, 48 %) . MS (CI) MH + calculated for 

30 C24H28N2O6S: 473, found 473. 

Part D: To a solution of the aniline 
compound of part C (550 mg, 1 . 16 mmol) in 
tetrahydrofuran (10 mL) was added potassium 
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trimethylsilanolate (297 mg, 3.48 mmol) and the 
solution was stirred for 18 hours at ambient 
temperature. The solution was concentrated and the 
resulting residue was suspended in H 2 0. The solid was 
5 collected by vacuum filtration to provide the crude 
acid (282 mg) . 

Part E: To a solution of the crude acid of 
part D (282 mg, 0.62 mmol) in N,N-dimethylf ormamide 
(10 mL) was added N-hydroxybenzotriazole (100 mg, 

10 0.74 mmol), 4-methylmorpholine (0.20 mL, 1.86 mmol), 
and O- (tetrahydro-2H-pyran-2-yl) hydroxylamine (108 
mg, 0.93 mmol). After stirring for 30 minutes, l-[3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (166 mg, 0.87 mmol) was added and the 

15 solution was stirred for 72 hours. The solution was 
partitioned between ethyl acetate and H 2 0 and the 
aqueous layer was extracted with ethyl acetate. The 
combined organic layers were washed with H 2 0 and 
saturated NaCl and dried over Na 2 S0 4 . Chromatography 

20 (on silica, ethyl acetate /hexane) provided the 

protected hydroxamate as a white solid (150 mg, 43 
%) . MS (CI) MH + calculated for C 28 H3 5 N 3 0 7 S : 558, found 
558. 

Part F: To a solution of protected 
25 hydroxamate of part E (133 mg, 0.24 mmol) in 1,4- 
dioxane (5 mL) was added 4N HC1 in 1,4-dioxane (10 
mL) and the solution was stirred for 1.5 hours. The 
solution was diluted with ethyl ether and the 
resulting precipitate was collected by vacuum 
3 0 filtration to provide the title hydroxamate as a 

white solid (80 mg, 66 %) . MS (CI) MH + calculated for 
C 2 3H 27 N 3 0 6 S: 474, found 474. HRMS calculated for 
C 23 H 27 N 3 0 6 S: 474.1699, found 474.1715. Analytical 
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calculation for Cja^NsOgS^l . 5HC1«1 . 5H 2 0 : C, 49.75; H, 
5.72; N, 7.57; S, 5.77; CI, 9.58. Found: C, 49.78; H, 
5.52; N, 8.05; S, 9.16; Cl, 5.76. 

5 Example 412: Preparation of l-cyclopropyl-4- [ [4- [4- 

[ [4- (2,3-dimethylphenyl) -1- 
piperazinyl] -carbonyl] -1- 
piperidinyl] phenyl] sulfonyl] - 
N-hydroxy- 4 -piperidine-carboxamide , 

0 trihvdrnr-hl 




15 Part A: To a solution of the isonipecotic 

acid (10.5 g, 81.3 mmol) in H 2 0 (325 mL) was added 
sodium carbonate (8.37 g, 81.3 mmol) and the solution 
was stirred until homogeneous. To this solution was 
added di-tert-butyl dicarbonate (18.22 g, 83.5 mmol) 

2 0 in 1,4-dioxane (77 mL) dropwise, and the resulting 
solution was stirred for 72 hours at ambient 
temperature. The solution was concentrated in vacuo 
and the resulting aqueous solution was washed with 
ethyl ether. The aqueous solution was acidified to 

25 pH=2 with concentrated HCl. The solution was 

extracted with ethyl ether and concentrated in vacuo 
provided a white solid. Recrystallization (ethyl 
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acetate) provided N-Boc-isonipecotic acid as a white 
solid (10 g, 54 %) . 

Part B: To a solution of the N-Boc- 
isonipecotic acid of part A (2.14 g, 9.33 mmol) in 
5 dichloromethane (19 mL) were added l-[3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (1.82 g, 9.49 mmol), N- 
hydroxybenzotriazole (1.32 g, 9.77 mmol) and l-(2,3- 
xylyl)piperazine monohydrochloride (2.47 g, 10.89 

10 mmol). After 30 minutes diisopropylethylamine (0.74 
mL, 20.7 mmol) was added, and the solution was 
stirred for 18 hours. The solution was concentrated 
in vacuo and the residue was dissolved into ethyl 
acetate and washed with 1M HC1, saturated NaHC0 3 and 

15 saturated NaCl. The solution was dried over MgS0 4 . 

Recrystallization (ethyl acetate/hexane) provided the 
amide as an off-white solid (2.65 g, 71 %) . 

Part C: To a solution of the amide of part 
B (1.0 g # 3.75 mmol) in dichloromethane (5 mL) was 

20 added trif luoroacetic acid (5 mL) and the solution 
was stirred for 15 minutes. The solution was 
concentrated in vacuo and the resulting oil was 
dissolved into N,N-dimethylacetamide (10 mL) . To 
this solution was added the product of Example 398, 

25 Part A (979 mg, 2.50 mmol) and cesium carbonate (3.67 
g, 11.25 mmol) and the solution was heated at one 
hundred and ten degrees Celsius for 17 hours. The 
solution was partitioned between ethyl acetate and 
H 2 0. The organic layer was washed with H 2 0 and 

30 saturated NaCl and dried over Na 2 S0 4 . Concentration 
in vacuo provided the piperidine compound as a white 
solid (1.89 g, quantitative yield). MS(CI) MH* 
calculated for C 35 H4aN 4 0 5 S: 637, found 637. 
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Part D: To a solution of the piperidine 
compound of part C (1.89 g) in ethanol (8 mL) and 
tetrahydrofuran (8 mL) was added sodium hydroxide 
(1.0 g, 25 mmol) in H 2 0 (5 mL) . The solution was 
5 heated to fifty degrees Celsius for 8 hours and at 
sixty- two degrees Celsius for 8 hours. The solution 
was concentrated in vacuo and the residue was diluted 
with H 2 0 and acidified to pH = 3 with 3M HC1. The 
resulting precipitate was collected by vacuum 
10 filtration to provide the acid as a white solid (1.16 
g, 65 %) . MS(CI) MH+ calculated for C33H44N4O5S: 609, 
found 609. 

Part E: To a solution of the acid of part 
D (1.16 g, 1.62 mmol) in N, N-dimethylf ormamide (10 

15 mL) were added N-hydroxybenzotriazole (262 mg, 1.94 
mmol), 4-methylmorpholine (0.90 mL, 8.2 mmol) and O- 
(tetrahydro-2H-pyran-2-y) 1 hydroxylamine (284 mg, 2.4 
mmol). After stirring for 45 minutes, 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 

20 hydrochloride (334 mg, 2.2 mmol) was added and the 
solution was stirred for 18 hours at ambient 
temperature. The solution was partitioned between 
ethyl acetate and H 2 0 and the organic layer was washed 
with H 2 0 and saturated NaCl and dried over Na 2 S0 4 . 

25 Trituration (dichloromethane) provided the protected 
hydroxamate as a white solid (850 mg, 75 %) . MS (CI) 
MH + calculated for CasHsaNgOgS: 708, found 708. 
Analytical calculation for C 3 bH53N 5 O 6 S»0 .5H 2 0: C, 63.66; 
H, 7.59; N, 9.77; S, 4.47. Found: C, 63.68; H, 7.54; 

3 0 N, 9.66; S, 4.67. 

Part F: To a solution of the protected 
hydroxamate of part E (746 mg, 1.07 mmol) in methanol 
(10 mL) was added 4M HC1 in 1,4-dioxane (10 mL) and 
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the solution was stirred for one hour. The resulting 
solid was collected by vacuum filtration and washed 
with ethyl ether to provide the title compound as a 
white solid (650 mg, 83 %) . MS (CI) MH + calculated for 
5 CaaH^sNsOgS: 624, found 624. HRMS calculated for 
C 3 3H49N 5 0 5 S: 624.3220, found 624.3253. Analytical 
calculation for C 3 3H4 5 N 5 O s S«3 . 5HC1«H 2 0 : C, 51.82; H, 
6.59; N, 9.16. Found: C, 52.04; H, 6.30; N, 8.96. 

Example 413: Preparation of 4- [ [4- [4- [ [4- (2,3- 
dimethylphenyl) -1-piperazinyl] 
carbonyl] -1 -piper idinyl] phenyl] 
sulfonyl] -N-hydroxy-l- (2-methoxyethyl) - 
4 -piperidine -carboxamide , 
trihydrochlor-iH* 




Part A: To a solution of the isonipecotic 
20 acid (10.5 g, 81.3 mmol) in H 2 0 (325 mL) was added 

sodium carbonate (8.37 g, 81.3 mmol) and the solution 
was stirred until homogeneous. To this solution was 
added di-tert- butyl dicarbonate (18.22 g, 83.5 mmol) 
in 1,4-dioxane (77 mL) dropwise and the resulting 
25 solution was stirred for 72 hours at ambient 

temperature. The solution was concentrated in vacuo 
and the resulting aqueous solution was washed with 
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ethyl ether. The aqueous solution was acidified to 
pH=2 with concentrated HC1. The solution was 
extracted with ethyl ether and concentration in vacuo 
provided a white solid. Recrystallization (ethyl 
5 acetate) provided N-Boc-isonipecotic acid as a white 
solid (10 g, 54 %) . 

Part B: To a solution of the N-Boc- 
isonipecotic acid of part A (2.14 g, 9.33 mmol) in 
dichloromethane (19 mL) were added l-[3- 

10 (dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (1.82 g, 9.49 mmol), N- 
hydroxybenzotriazole (1.32 g, 9.77 mmol) and l-(2,3- 
xylyl)piperazine monohydrochloride (2.47 g, 10.89 
mmol). After 30 minutes, diisopropyl ethyl amine (0.74 

15 mL, 20.7 mmol) was added and the solution was stirred 
for 18 hours. The solution was concentrated in vacuo 
and the residue was dissolved into ethyl acetate and 
washed with 1M HC1, saturated NaHC0 3 and saturated 
NaCl. The solution was dried over MgS0 4 . 

20 Recrystallization (ethyl acetate/hexane) provided the 
amide as an off-white solid (2.65 g, 71 %) . 

Part C: To a solution of the amide of part 
B (965 mg, 2.41 mmol) in dichloromethane (5 mL) was 
added trif luoroacetic acid (5 mL) and the solution 

25 was stirred for 15 minutes. The solution was 

concentrated in vacuo and the resulting oil was 
dissolved into N, N-dimethylacetamide (10 mL) . To 
this solution were added ethyl-4-[(4- 
f luorophenylsulfcnyl) ] -1- (2-methoxyethyl) -4- 

30 piperidinecarboxylate (600 mg, 1.61 mmol) and cesium 
carbonate (2.75 g, 8.43 mmol), and the solution was 
heated at one hundred and ten degrees Celsius for 2 0 
hours. The solution was partitioned between ethyl 
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acetate and H 2 0. The organic layer was washed with 
H 2 0 and saturated NaCl and dried over Na 2 S0 4 . 
Concentration in vacuo provided the piperidine 
compound as a white solid (1.26 g, quantitative 
5 yield). MS (CI) MH* calculated for C 35 H5oN 4 0 6 S: 655, 
found 655. 

Part D: To a solution of the piperidine 
compound of part C (1.26 g) in ethanol (5 mL) and 
tetrahydrofuran (5 mL) was added sodium hydroxide 

10 (644 mg, 16 mmol) in H 2 0 (5 mL) . The solution was 
heated to sixty degrees Celsius for 8 hours and at 
sixty-two degrees Celsius for 8 hours. The solution 
was concentrated in vacuo and the residue was diluted 
with H 2 0 and acidified to pH = 3 with 3M HCl . The 

15 resulting precipitate was collected by vacuum 

filtration to provide the acid as a white solid (650 
mg, 65 %) . MS (CI) MH + calculated for C 33 H46N 4 0 6 S: 627, 
found 627. 

Part E: To a solution of the acid of part 
20 D (620 g, 0.94 mmol) in N,N-dimethylformamide (10 mL) 
were added N-hydroxybenzotriazole (152 mg, 1.13 
mmol), 4-methylmorpholine (0.52 mL, 4.7 mmol) and O- 
(tetrahydro-2H-pyran-2-yl) hydroxylamine (165 mg, 1.4 
mmol) . After stirring for 45 minutes, 1- [3- 

2 5 ( dimethyl amino ) propyl ] - 3 - e t hy lcarbodi imide 

hydrochloride (252 mg, 1.32 mmol) was added and the 
solution was stirred for 18 hours at ambient 
temperature. The solution was partitioned between 
ethyl acetate and H 2 0, and the organic layer was 

3 0 washed with H 2 0 and saturated NaCl, and dried over 

Na 2 S0 4 . Concentration in vacuo provided the protected 
hydroxamate as a white solid (641 mg, 94 %) . MS (CI) 
MH* calculated for C38H 5 5N 5 0 7 S: 726, found 726. 
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Part F: To a solution of the protected 
hydroxamate of part E (630 mg, 0.87 mmol) in methanol 
(8 mL) was added 4M HCI in 1,4-dioxane (10 mL) and 
the solution was stirred for one hour. The resulting 
5 solid was collected by vacuum filtration and washed 
with ethyl ether to provide the title compound as a 
white solid (624 mg, 83 %) . MS (CI) MH + calculated for 
C 3 3H47N 5 0 6 S: 642, found 642. 

10 Example 414: Preparation of N-hydroxy-4- [ [4- [4- (1- 

methylethyDphenoxy] phenyl] sulfonyl] -1- 
(2 -propynyl ) -4 -piperidinecarboxamide, 
monohdvrochlorirffi 



HOHN 



15 




Part A: To a solution of the product of Example 
9, Part E ( 6.0 g, 15.4 mmol) and powdered K 2 C0 3 (8.0 
g, 38.5 mmol) in N,N-dimethylf ormamide (70 mL) was 

20 added 4-isopropyl phenol (5.24 g, 38.5 mmol) at 

ambient temperature, and the solution was heated to 
ninety degrees Celsius for 32 hours. The solution 
was concentrated under high vacuum and the residue 
was dissolved in ethyl acetate. The organic layer 

2 5 was washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
Chromatography on silica eluting with ethyl 
acetate /hexane provided the diary 1 ether as light 
yellow gel (6.89 g, 87%). 
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Part B: To a solution of diaryl ether of part A 
(6.89 g, 14.7 mmol) in ethanol (14 mL) and 
tetrahydrofuran (14 mL) was added NaOH (5.88 g, 147 
mmol) in H 2 0 (28 mL) from an addition funnel at 
5 ambient temperature. The solution was then heated to 
sixty degrees Celsius for 17 hours and ambient 
temperature for 24 hours. The solution was 
concentrated in vacuo and diluted with water. The 
aqueous layer was extracted with ether and acidified 
10 to pH = 2. Vacuum filtration of white precipitation 
provided the acid as a white solid (6.56 g, 
quantitative yield) . 

Part C: To the solution of acid of part B 
(6.56 g, 14.86 mmol), N-methyl morpholine (6.5 mL, 
15 59.4 mmol), 1-hydroxybenzotriazole (6.0 g, 44.6 mmol) 
and O-tetrahydropyranyl hydroxy 1 amine (3.5 g, 29.7 
mmol) in N,N-dimethylf ormamide (50 mL) was added 1- 
[3- (dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (8.5 g, 44.6 mmol), and the solution 
20 was stirred at ambient temperature for 20 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated aqueous NaHC0 3 , H 2 0 
and dried over MgS0 4 . Concentration in vacuo and 
25 chromatography on silica eluting with ethyl 

acetate/hexane provided the tetrahydropyranyl- 
protected hydroxamate as a white foam (8.03 g, 
quantitative yield) . 

Part D: To a solution of 4N HC1 in dioxane (37 
30 mL, 149 mmol) was added a solution of the 

tetrahydropyranyl -protected hydroxamate of part C 
(8.03 g, 14.9 mmol) in methanol (5 mL) and dioxane 
(15 mL) and the solution was stirred at ambient 
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temperature for 3 hours. Concentration in vacuo and 
trituration with diethyl ether provided the title 
compound as a white solid (5.0 g, 71.1%). Analytical 
calculation for C24H2aN2O5S.HCl-O.9H2O: C, 56.61; H, 
5 6.10; N, 5.50; S, 6.30. Found: C, 56.97; H, 6.05; N, 
5.41; S, 5.98. HRMS MH + calculated for C 2 4H28N 2 0 5 S : 
457.1797, found 457.1816. 

Example 415: Preparation of 4- [ [4- (1, 3-benzodioxol- 
10 5 -yloxy) phenyl ) sulfonyl] -N-hydroxy-1- 

(2-methoxyethyl) -4- 
piperidinecarboxamide , 
m<?nQhYdygch^Qrj.^e 



HOHN 



15 




Part A: To a solution of the product of Example 
9, Part D (25 g, 67.3 mmol) and powdered K 2 C0 3 (23.3 
g, 169 mmol) in N,N-dimethylf ormamide (150 mL) was 

20 added sesamol (23.2 g, 168 mmol) at ambient 

temperature and solution was heated to ninety degrees 
Celsius for 25 hours. The solution was concentrated 
under high vacuum and the residue was dissolved in 
ethyl acetate. The organic layer was washed with IN 

25 NaOH, H 2 0 and dried over MgS0 4 . Chromatography on 

silica eluting with ethyl acetate/hexane provided the 
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desired diaryl ether as light yellow gel (33,6 g, 
93.6%) . 

Part B: To a solution of diaryl ether of part A 
(4.0 g, 7.4 mmol) in dichloromethane (7 mL) cooled to 
5 zero degrees Celsius was added trif luroacetic acid (7 
mL) and the solution was stirred at ambient 
temperature for 2 hours. Concentration in vacuo 
provided the amine trif luoroacetate salt as a light 
yellow gel. To the solution of the trif luoroacetate 

10 salt and K 2 C0 3 (3.6 g, 26 mmol) in N,N- 

dimethylformamide (50 mL) was added 2-bromoethyl 
methyl ether (1.8 mL, 18.7 mmol) and the solution was 
stirred at ambient temperature for 36 hours. The 
N, N- dimethyl formamide was evaporated under high 

15 vacuum and residue was diluted with ethyl acetate. 
The organic layer was washed with water and dried 
over Mg 2 S0 4 . Concentration in vacuo provided the 
methoxyethyl amine as a light yellow gel (3.7 g, 
quantitative yield) . 

2 0 Part C: To a solution of methoxyethyl amine of 

part B (3.7 g, 7.5 mmol) in ethanol (7 mL) and 
tetrahydrofuran (7 mL) was added NaOH (3.0 g, 75 
mmol) in H 2 0 (15 mL) from an addition funnel at 
ambient temperature. The solution was then heated to 

25 sixty degrees Celsius for 19 hours and ambient 
temperature for 12 hours. The solution was 
concentrated in vacuo and diluted with water. The 
aqueous layer was extracted with ether and acidified 
to pH=2. Vacuum filtration of the white precipitate 

30 provided the acid as a white solid (4.0 g, 
quantitative yield) . 

Part D: To a solution of the acid of part C 
(4.0 g, 7.5 mmol), N-methyl morpholine (3.3 mL, 30 
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mmol), 1-hydroxybenzotriazole (3.0 g, 22.5 mmol) and 
O-tetrahydropyranyl hydroxy 1 amine (1.8 g, 15 mmol) 
in N,N-dimethylformamide (100 mL) was added 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
5 hydrochloride (4.3 g, 22.5 mmol), and the solution 
was stirred at ambient temperature for 4 days. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated aqueous NaHC0 3 , H 2 0 
10 and dried over Mg 2 S0 4 . Concentration in vacuo and 
chromatography on silica eluting with ethyl 
acetate/hexane provided the tetrahydropyranyl- 
protected hydroxamate as a white foam (2.40 g, 
57.1%) . 

15 Part E: To a solution of 4N HCl in dioxane (11 

mL, 43 mmol) was added a solution of the 
tetrahydropyranyl -protected hydroxamate of part D 
(2.4 g, 4.3 mmol) in methanol (2 mL) and dioxane (6 
mL) and the solution was stirred at ambient 

20 temperature for 3 hours. Concentration in vacuo and 
trituration with ether provided hydroxamate 
hydrochloride salt as a white solid (1.88 g, 85.8%). 
Analytical calculation for C22H26N2OaS.HCl.H2O: C, 
49.58; H, 5.48; N, 5.26; S, 6.02. Found: C, 49.59; 

2 5 H, 5.53; N, 5.06; S, 5.71. HRMS MH+ calculated for 

C 2 2H26N 2 0 8 S: 479.1488, found 479.1497. 

Example 416: Preparation of N-hydroxy-1- (2- 

methoxyethyl) -4- [ [4- [4- (trifluoro- 

3 0 methoxy) phenoxy] phenyl ] sul f onyl } - 4 - 

piperidinecarboxamide , 
monohvdrochloride 
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HOHN 




Part A: To a solution of the product of Example 
9, Part D (30 g, 161 nunol) in dichloromethane (50 mL) 
5 cooled to zero degrees Celsius was added 

trif luroacetic acid (25 mL) and the solution was 
stirred at ambient temperature for 1 hour. 
Concentration in vacuo provided the amine 
trifluoroacetate salt as a light yellow gel. To the 

10 solution of the trifluoroacetate salt and K 2 C0 3 (3.6 
g, 26 mmol) in N,N-dimethylf ormamide (50 mL) cooled 
to zero degrees Celsius was added 2-bromoethyl methyl 
ether (19 mL f 201 mmol), and solution was stirred at 
ambient temperature for 36 hours. Then, N,N- 

15 dimethyl f ormamide was evaporated under high vacuum 
and the residue was diluted with ethyl acetate. The 
organic layer was washed with water and dried over 
MgS0 4 . Concentration in vacuo provided the 
methoxyethyl amine as a light yellow gel (26.03 g, 

20 86.8%). 

Part B: To a solution of methoxyethyl amine (6.0 
g, 16.0 mmol) of part A and powdered K 2 C0 3 (4.44 g, 32 
mmol) in N, N- dimethyl f ormamide (30 mL) was added 4- 
(trifluoromethoxy) phenol (5.72 g, 32 mmol) at ambient 
25 temperature and the solution was heated to ninety 
degrees Celsius for 25 hours. The solution was 
concentrated under high vacuum and the residue was 
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dissolved in ethyl acetate. The organic layer was 
washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
Chromatography on silica eluting with ethyl 
acetate/hexane provided trif luoromethoxy 
5 phenoxyphenyl sulfone as a light yellow gel (7.81 g, 
91.5%) . 

Part C: To a solution of trif luoromethoxy 
phenoxyphenyl sulfone of part B (7.81 g, 14.7 mmol) 
in ethanol (14 mL) and tetrahydrof uran (14 mL) was 

10 added NaOH (5.88 g, 147 mmol) in H 2 0 (28 mL) from an 
addition funnel at ambient temperature. The solution 
was then heated to sixty degrees Celsius for 18 
hours. The solution was concentrated in vacuo and 
diluted with water. The aqueous layer was extracted 

15 with ether and acidified to pH=2 . Vacuum filtration 
of white precipitation provided the acid as a white 
solid (5.64 g, 73.3%) . 

Part D: To a solution of the acid of part C 
(5.64 g, 10.8 mmol), N-methyl morpholine (4.8 mL, 

20 43.1 mmol), 1 -hydroxybenzotriazole (4.38 g, 32.4 

mmol) and O-tetrahydropyranyl hydroxyl amine (2.5 g, 
21.6 mmol) in N, N- dimethyl formamide (50 mL) was added 
1- [3- (dimethylamino) propyl] -3 - ethyl carbodiimide 
hydrochloride (6.2 g, 32.4 mmol), and the solution 

25 was stirred at ambient temperature for 24 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated aqueous NaHC0 3 , H 2 0 
and dried over MgS0 4 . Concentration in vacuo and 

30 chromatography on silica eluting with ethyl 

acetate/hexane provided the tetrahydropyranyl- 
protected hydroxamate as a white foam (6.65 g, 
quantitative yield) . 
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Part E: To a solution of 4N HC1 in dioxane (28 
mL, 110 mmol) was added a solution of the 
tetrahydropyranyl -protected hydroxamate of part D 
(6.65 g, 11.03 mmol) in methanol (3 mL) and dioxane 
5 (9 mL) and was stirred at ambient temperature for 3 
hours. Concentration in vacuo and trituration with 
diethyl ether provided the title compound as a white 
solid (4.79 g, 78.2%). Analytical calculation for 
C22H25N2O7SF3.HCLO.5H2O: C, 46.85; H, 4.83; N, 4.97; S, 
10 5.69. Found: C, 46.73; H, 4.57; N, 4.82; S, 5.77. 

Example 417: Preparation of N-hydroxy-1- (2- 

methoxyethyl) -4- [ [4- [4- (1-methylethyl) - 
phenoxy] phenyl] sulf onyl] -4- 
15 Piperi4inecarboxamide , monphydrpchlgride 



HOHN 




Part A: To a solution of ethyl-4-[(4- 
20 fluorophenylsulfonyl) ] -1- (2-methoxyethyl) -4- 

piperidinecarboxylate (1.47 g, 3.9 mmol) and powdered 
K2CO3 (1.6 g, 11.7 mmol) in N, N-dimethylf ormamide (15 
mL) was added 4-isopropylphenol (1.07 g, 7.8 mmol) at 
ambient temperature and the solution was heated to 
25 ninety degrees Celsius for 24 hours. The solution 
was concentrated under high vacuum and the residue 
was dissolved in ethyl acetate. The organic layer 
was washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
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Chromatography on silica eluting with ethyl 
acetate/hexane provided the diaryl ether as a light 
yellow gel (1.77 g, 92.2%). 

Part B: To a solution of diaryl ether of part A 
5 (1.77. g, 3.6 mmol) in ethanol (3.5 mL) and 

tetrahydrofuran (3.5 mL) was added NaOH (1.46 g, 36 
mmol) in H 2 0 (7 mL) at ambient temperature . The 
solution was then heated to sixty degrees Celsius for 
18 hours. The solution was concentrated in vacuo and 

10 diluted with water. The aqueous layer was extracted 
with diethyl ether and acidified to pH=2 . Vacuum 
filtration of the white precipitate provided the acid 
as a white solid (1.39 g, 83.7%). 

Part C: To the solution of the acid of part B 

15 (1.39 g, 3.0 mmol), N-methyl morpholine (1 mL, 9 

mmol), 1-hydroxybenzotriazole (1.22 g, 9 mmol) and O- 
tetrahydropyranyl hydroxyl amine (0.72 g, 6.0 mmol) 
in N,N-dimethylformamide (90 mL) was added 1- [3- 
( dimethyl amino ) propyl ] - 3 - et hylcarbodi imide 

20 hydrochloride (1.72 g, 9.0 mmol), and solution was 
stirred at ambient temperature for 48 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated aqueous NaHC0 3 , H 2 0 

25 and dried over MgS0 4 . Concentration in vacuo and 
chromatography on silica eluting with ethyl 
acetate/hexane provided the tetrahydropyranyl- 
protected hydroxamate as a white foam (1.65 g, 
98.2%) . 

30 Part D: To a solution of 4N HC1 in dioxane (7.35 

mL, 29.4 mmol) was added a solution of the 
tetrahydropyranyl -protected hydroxamate of part C 
(1.65 g, 2.94 mmol) in methanol (1 mL) and dioxane (3 
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mL) , and the solution was stirred at ambient 
temperature for 3 hours. Concentration in vacuo and 
trituration with diethyl ether provided the title 
compound as a white solid (1.2 g, 79.5%). Analytical 
5 calculation for C24H 32 N 2 0 6 S .HC1 . 0 . 5H 2 0: C ( 55.22; H, 
6.56; N, 5.37; S, 6.14. Found: C, 55.21; H, 6.41; N, 
5.32; S, 6.18. 

Example 418: Preparation of N-hydroxy-l- (2- 
0 methoxyethyl) -4- [ [4- [4 - (trif luoro 

methyl) -phenoxy] phenyl] sulf onyl } -4- 
pjperidinecarboxamide , monohydrochlorida 



HOHN 




15 

Part A: To a solution of ethyl-4-[(4- 
fluorophenyl sulf onyl) ] -l- (2 -methoxyethyl) -4- 
piperidinecarboxylate (6 g, 16.0 mmol) and powdered 
K 2 C0 3 (4.44 g, 32 mmol) in N,N-dimethylf ormamide (50 

20 mL) was added 4-trif luoromethylphenol (5.72 g, 32 
mmol) at ambient temperature, and the solution was 
heated to ninety degrees Celsius for 48 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 

25 layer was washed with IN NaOH, H 2 0 and dried over 
MgS0 4 . Chromatography on silica eluting with ethyl 
acetate/hexane provided the desired diaryl ether as a 
light yellow gel (2.66 g, 32.1%). 
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Part B: To a solution of the diaryl ether of 
part A (1.5 g, 2.9 raraol) in ethanol (3 mL) and 
tetrahydrofuran (3 mL) was added NaOH (1.22 g, 2 9 
mmol) in H 2 0 (6 mL) at ambient temperature. The 
5 solution was then heated to sixty degrees Celsius for 
18 hours. The solution was concentrated in vacuo and 
diluted with water. The aqueous layer was extracted 
with diethyl ether and acidified to pH=2 . Vacuum 
filtration of the white precipitate provided the 

10 desired acid as a white solid (1.0 g, 70.9%). 

Part C: To the solution of the acid of part B 
(1.0 g, 2.05 mmol), N-methyl morpholine (0.68 mL, 6.1 
mmol), 1-hydroxybenzotriazole (0.84 g, 6.15 mmol) and 
O-tetrahydropyranyl hydroxyl amine (0.5 g, 4.1 mmol) 

15 in N,N-dimethylformamide (20 mL) was added 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (1.18 g, 6 mmol), and solution was 
stirred at ambient temperature for 24 hours. The 
solution was concentrated under high vacuum and the 

20 residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated NaHC0 3 , H 2 0 and dried 
over MgS0 4 . Concentration in vacuo and chromatography 
on silica eluting with ethyl acetate/hexane provided 
the tetrahydropyranyl -protected hydroxamate as a 

25 white foam (1.16 g, 96.7%). 

Part D: To a solution of 4N HC1 in dioxane (5 
mL, 20 mmol)) was added a solution of the 
tetrahydropyranyl -protected hydroxamate of part C 
(1.16 g, 2 mmol) in methanol (1 mL) and dioxane (3 

30 mL) and was stirred at ambient temperature for 3 

hours. Concentration in vacuo and trituration with 
diethyl ether provided the title compound as a white 
solid (0.79 .g, 74.5%). Analytical calculation for 
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C 22 H 25 N 2 0 6 SF 3 .HC1: C, 49.03; H, 4.86; N, 5.20; S, 5.95. 
Found: C, 48.85; H, 4.60; N, 5.22; S, 6.13. 

Example 419: Preparation of N-hydroxy-1- (2- 

methoxyethyl) -4- [ [4- [4- [ (trif luoro- 
methyl) thio]phenoxy] phenyl] sulfonyl] -4- 
piperidinecarboxamide , 
monohvdrochloride 



HOHN 



10 




Part A: To a solution of ethyl-4-[(4- 
fluorophenyl sulfonyl) ] -1- (2-methoxyethyl) -4- 
piperidinecarboxylate (5 g, 13.4 mmol) and powdered 

15 K 2 C0 3 (3.7 g, 27 mmol) in N,N-dimethylf ormamide (20 
mL) was added 4- (trif luoromethylthio) phenol (3.9 g, 
20 mmol) at ambient temperature, and solution was 
heated to ninety degrees Celsius for 24 hours. The 
solution was concentrated under high vacuum, and the 

20 residue was dissolved in ethyl acetate. The organic 
layer was washed with IN NaOH, H 2 0 and dried over 
MgS0 4 . Chromatography on silica eluting with ethyl 
acetate/hexane provided the desired diaryl ether as a 
light yellow gel (5.94 g, 81.04%). 

25 Part B: To a solution of the diaryl ether of 

part A (5.94 g, 210 mmol) in ethanol (10 mL) and 
tetrahydrofuran (10 mL) was added NaOH (4.34 g, 108 
mmol) in H 2 0 (20 mL) dropwise at ambient temperature. 
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The solution was then heated to sixty degrees Celsius 
for 24 hours and ambient temperature for anther 24 
hours. The solution was concentrated in vacuo and 
diluted with water. The aqueous layer was extracted 
5 with diethyl ether and acidified to pH=2 . Vacuum 

filtration of the white precipitate provided the acid 
as a white solid (5.5 g, quantitative yield). 

Part C: To the solution of the acid of part B 
(5.5 g, 10.8 mmol) , N-methyl morpholine (3.6 mL, 32.4 

10 mmol), 1-hydroxybenzotriazole (4.4 g, 32.4 mmol) and 
O-tetrahydropyranyl hydroxyl amine (2.6 g, 21.8 mmol) 
in N,N-dimethylformamide (200 mL) was added 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (6.2 g, 32.4 mmol), and the solution 

15 was stirred at ambient temperature for 24 hours. The 
solution was concentrated under high vacuum and the 
residue was dissolved in ethyl acetate. The organic 
layer was washed with saturated aqueous NaHC0 3 , H 2 0 
and dried over MgS0 4 . Concentration in vacuo and 

2 0 chromatography on silica eluting with ethyl 

acetate/hexane provided the tetrahydropyranyl- 
protected hydroxamate as a white foam (4.66 g f 
69.8%) . 

Part D: To a solution of 4N HCl in dioxane (2 0 
25 mL, 79 mmol)) was added a solution of the 

tetrahydropyranyl-protected hydroxamate of part C 
(4.65 g, 7.9 mmol) in methanol (2.5 mL) and dioxane 
(8 mL) and was stirred at ambient temperature for 3 
hours. Concentration in vacuo and trituration with 
30 diethyl ether provided the title compound as a white 
solid (3.95 g, 92.1%). Analytical calculation for 
C 22 H 25 N 2 0 6 S 2 F 3 .HC1: C, 46.27; H, 4.59; N, 4.91; S, 
11.23. Found: C, 46.02; H, 4.68; N, 4.57; S, 11.11. 
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Example 420: Preparation of N-hydroxy-1- (1- 

methylethyl) -4- [ [4- [4- (1-methylethyl) - 
phenoxy] phenyl] sulfonyl] -4- 
piperidinecarboxamide , 
monohvdrochloride 



HOHN 




CH 3 



10 Part A: To a solution of the product of Example 

9, Part D (30 g, 161 mrnol) in dichloromethane (40 mL) 
cooled to zero degrees Celsius was added 
trifluroacetic acid (30 mL) , and the solution was 
stirred at ambient temperature for 1 hour. 

15 Concentration in vacuo provided the trif luoroacetate 
salt as a light yellow gel. To the solution of the 
trifluoroacetate salt and triethylamine (28 mL, 201 
mrnol) in dichloromethane (250 mL) cooled to zero 
degrees Celsius, were added acetone (24 mL, 320 mrnol) 

20 and sodium triacetoxyborohydride (68 g, 201 mrnol) in 
small portions followed by addition of acetic acid 
(18.5 mL, 320 mrnol), and solution was stirred at 
ambient temperature for 48 hours. Then, the 
dichloromethane was evaporated under high vacuum and 

2 5 the residue was diluted with diethyl ether. The 
organic layer was washed with IN NaOH, water and 
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dried over MgS0 4 . Concentration in vacuo provided the 
isopropyl amine as a light yellow gel (21.03 g, 
72.8%) . 

Part B: To a solution of isopropyl amine (4 g, 
5 11.2 mmol) of part A and powdered K 2 C0 3 (3.09 g, 22,4 
mmol) in N,N-dimethylformamide (3 0 mL) was added 4- 
isopropylphenol (3.05 g, 22 mmol) at ambient 
temperature and the solution was heated to ninety 
degrees Celsius for 25 hours. The solution was 

10 concentrated under high vacuum and the residue was 
dissolved in ethyl acetate. The organic layer was 
washed with IN NaOH, H 2 0 and dried over MgS0 4 . 
Chromatography on silica eluting with ethyl 
acetate/hexane provided the desired diaryl ether as a 

15 light yellow gel (5.10 g, 96.2%). 

Part C: To a solution of the diaryl ether of 
part B (5.10 g, 10.77 mmol) in ethanol (10 mL) and 
tetrahydrofuran (10 mL) was added NaOH (4.3 g, 108 
mmol) in H 2 0 (2 0 mL) from an addition funnel at 

20 ambient temperature. The solution was then heated to 
sixty degrees Celsius for 24 hours and at ambient 
temperature for anther 24 hours. The solution was 
concentrated in vacuo and diluted with water. The 
aqueous layer was extracted with diethyl ether and 

25 acidified to pH=2 . Vacuum filtration of the white 
precipitate provided the desired acid as a white 
solid (4.80 g, quantitative yield). 

Part D: To the solution of the acid of part C 
(4.80 g, 10.8 mmol), N-methyl morpholine (3.6 mL, 

30 32.4 mmol), 1-hydroxybenzotriazole (4.4 g, 32.4 mmol) 
and O-tetrahydropyranyl hydroxyl amine (2.6 g, 21.6 
mmol) in N,N- dimethyl formamide (100 mL) was added 1- 
[3- (dimethylamino) propyl] -3-ethylcarbodiimide 
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hydrochloride (6.17 g, 32.4 mmol) , and the solution 
was stirred at ambient temperature for 7 days. The 
solution was filtered to eliminate the unreacted 
starting material and the filtrate was concentrated 
5 under high vacuum. The residue was dissolved in 

ethyl acetate and the organic layer was washed with 
saturated aqueous NaHC0 3 , H 2 0 and dried over MgS0 4 . 
Concentration in vacuo and chromatography on silica 
eluting with ethyl acetate/hexane provided the 

10 tetrahydropyranyl -protected hydroxamate as a white 
foam (2.45 g, 41.7%) . 

Part E: To a solution of 4N HC1 in dioxane (11.2 
mL, 45 mmol) was added a solution of the 
tetrahydropyranyl -protected hydroxamate of part D 

15 (2.45 g, 11.03 mmol) in methanol (4 mL) and dioxane 
(8 mL) and was stirred at ambient temperature for 3 
hours. Concentration in vacuo and tituration with 
diethyl ether provided the title compound as a white 
solid (2.01 g, 89.7%). Analytical calculation for 

20 C24H32N2O5S.HCl-O.5H2O: C, 56.96; H, 6.77; N, 5.54; S, 
6.34. Found: C, 56.58; H, 6.71; N, 5.44; S, 6.25. 

Example 421: Preparation of 4- [ [4- (1, 3-benzodioxol- 
S-yloxy) phenyl] sulfonyl] - 1 -eye lop ropy 1- 
25 N-hydroxy-4-piperidinecarboxamide, 

monohvdrochloride 
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Part A : To a solution of the product of 
Example 9, Part D (9.0 g, 22.0 mmol) in DMF (30 mL) 
5 was added K 2 C0 3 (4.55 g, 33 mmol), and sesamol (4.55 
g, 33 mmol) . The solution was stirred at ninety 
degrees Celsius for 24 hours. The solution was 
diluted with H 2 0 (400 mL) and extracted with ethyl 
acetate. The organic layer was washed with saturated 

10 NaCl and dried over MgS0 4 , filtered and concentrated 
in vacuo. Chromatography on silica gel eluting with 
10% ethyl acetate /hexane provided the desired ester 
as an oil (9.3 g, 79%). HRMS MH+ calculated for 
C 2 6H 3 iNS0 9 : 534.1798, found 534 . 1796 . . 

15 Part B: To a solution of the ester of part A 

(9.3 g, 17 mmol) in ethyl acetate (100 mL) cooled to 
zero degrees C was bubbled gaseous HCI for 10 minutes. 
The reaction was stirred at this temperature for 0.5 
hours. The solution was concentrated in vacuo to 

20 give the hydrochloride salt (7.34 g, 92%). MS MH+ 

calculated for C21H23NSO7: 434.1273, found 434.1285.. 

Part C: To a solution of the hydrochloride salt 
of part B (7.34 g, 15.6 mmol) in methanol (60 mL) was 
added acetic acid (8.94 mL, 156 mmol), a portion 

25 (about 2 g) of 4 -A molecular sieves, (1- 

ethoxycyclopropyl) -oxytrimethyl silane (18.82 mL, 
93.6 mmol) and sodium cyanoborohydride (4.41 g, 70.2 
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mmol) . The solution was refluxed for 8 hours. The 
precipitate was removed by filtration and the 
filtrate concentrated in vacuo. The residue was 
diluted with H 2 0 (400 mL) and extracted with ethyl 
5 acetate. The organic layer was washed with saturated 
NaCl and dried over MgS0 4 , filtered and concentrated 
in vacuo. Chromatography on silica gel eluting 
with 100% ethyl acetate) provided the desired 
cyclopropyl amine as a solid (7.9 gm, 100%). MS MH + 

10 calculated for C 24 H 27 NS0 7 : 474.1586, found 474.1599. 

Part D: To a solution of cyclopropyl amine from 
part C (7.9 g, 16.7 mmol) in ethanol (50 mL) and 
tetrahydrofuran (50 mL) was added a solution of NaOH 
(6.68 g, 166.8mmol) in water (30 mL) and the solution 

15 was heated at sixty degrees Celsius for 18 hours. 
The solution was concentrated in vacuo and the 
aqueous residue was acidified to pH=3 . The 
resulting precipitate was filtered to give desired 
carboxylic acid (6.14 g, 76%). MS MH* calculated for 

20 C 22 H2sNS0 7 : 446.1273. Found 446.1331. 

Part E: To a solution of the carboxylic acid of 
part D (6.14 g, 12.7mmol) in DMF (60 mL) was added 1- 
hydroxybenzotriazole ( 2.06 g, 15.2 mmol), N-methyl 
morpholine (4.2 mL, 38.0 mmol) and O- 

25 tetrahydropyranyl hydroxyl amine (2.23 g, 19.0 mmol) 
followed by 1, 3- (dimethylamino) propyl] -3- 
ethylcarbodiimide hydrochloride (3.41 g, 17.8 mmol). 
The solution was stirred at ambient temperature for 
18 hours. The solution was diluted with H 2 0 (400 mL) 

30 and extracted with ethyl acetate. The organic layer 
was washed with saturated NaCl and dried over MgS0 4 , 
filtered and concentrated in vacuo. Chromatography 
on silica gel eluting with 40% ethyl acetate/hexane 
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provided the desired tetrahydropyranyl -protected 
hydroxamate as a solid (6.67 g, 96%). 

Part F: To a solution of tetrahydropyranyl - 
protected hydroxamate of part E (6.67 g, 12.0 mmol) 
5 in dioxane (70 mL) was added 4 N HCl/dioxane (6.6 
mL) . After stirring at ambient temperature for 3 
hours, the solution was concentrated in vacuo. 
Chromatography on a C18 reverse phase column, eluting 
with acetonitrile/ (HC1) water, provided a white solid 
10 (4.21 gm, 69%). MS MH + calculated for C 22 H 24 N 2 S0 7 : 
461.1382. Found 461.1386. 

Example 422: Preparation of l-cyclopropyl-4- [ [4- (4- 



2 0 Part A: To a solution of the product of Example 

9, Part D (8.0 g, 19.2 mmol) in DMF (30 mL) was added 
K 2 C0 3 (4.00 g, 28.8 mmol) and 4-ethoxyphenol (3.99 g, 
28.8 mmol). The solution was stirred at ninety 
degrees Celsius for 24 hours. The solution was 

25 diluted with H 2 0 (400 mL) and extracted with ethyl 

acetate. The organic layer was washed with saturated 
NaCl and dried over MgS0 4 , filtered and concentrated 



ethoxyphenoxy) phenyl] sulfonyl] -N- 

hydroxy-4-piperidinecarboxamide, 
monohvdrochloride 
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in vacuo. Chromatography on silica gel eluting with 
10% ethyl acetate/hexane provided the desired ester 
as an oil (9.62 g, 94 %) . MS MH+ calculated for 
C 27 H35NS0 8 : 534.2162. Found 534.2175. 
5 Part B: To a solution of ester of part A (9.62 

g, 18 mmo) in ethyl acetate (100 mL) cooled to zero 
degrees Celcius was bubbled gaseous HC1 for 5 
minutes. The reaction was stirred at this 
temperature for 0.5 hours. The solution was then 

10 concentrated in vacuo to give a the hydrochloride 

salt (8.1 g, 96%). MS MH + calculated for C 22 H 27 NS0 6 : 
434.1637. Found 434.1637. 

Part C: To a solution of the hydrochloride salt 
of part B (8.1 g, 17.2 mmol) in methanol (70 mL) was 

15 added acetic acid (9.86 mL, 172 mmol), a portion of 
4-A molecular sieves (ca. 2 g) , (1- 

ethoxycyclopropyl) -oxytrimethyl silane (20.7 mL, 103 
mmol) and sodium cyanoborohydride (4.86 g, 77.4 
mmol). The solution was refluxed for 8 hours. The 

20 precipitate was removed by filtration and the 

filtrate was concentrated in vacuo. The residue was 
diluted with H 2 0 (4 00 mL) and extracted with ethyl 
acetate. The organic layer was washed with 1 N NaOH, 
saturated NaCl and dried over MgS0 4 , filtered and 

25 concentrated in vacuo. Trituration with diethyl 
ether provided the desired cyclopropyl amine as a 
white solid (6.84 g, 84%). 

Part D: To a solution of cyclopropyl amine from 
part C (6.84gm, 14.0 mmol) in ethanol (50 mL) and 

30 tetrahydrofuran (50 mL) was added a solution of NaOH 
(5.60 g, 140 mmol) in water (30 mL) and the solution 
was heated at sixty degrees Celsius for 18 hours. 
The solution was concentrated in vacuo and the 
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aqueous residue was acidified to pH=3 . Filtration 
gave the desired acid (6.07 g, 88%). MS MH* calculated 
for C 22 H 2 7NS0 6 : 446. Found 446. 

Part E: To a solution of the acid of part D 
5 (6.07g, 12.6 mmol) in DMF (60 mL) was added 1- 

hydroxybenzotriazole ( 2.04 g ; 15.1 mmol) , N-methyl 
morpholine (4.15 mL, 37.8 mmol) and O- 
tetrahydropyranyl hydroxyl amine (2.21 g, 18.9 mmol) 
followed by 1 , 3 - (dimethylamino) propyl] -3- 

10 ethylcarbodiimide hydrochloride (3.38 g, 17.6 mmol). 
The solution was stirred at ambient temperature for 
18 hours. The solution was diluted with H 2 0 (400 mL) 
and extracted with ethyl acetate. The organic layer 
was washed with saturated NaCl and dried over MgS0 4 , 

15 filtered and concentrated in vacuo. Chromatography 
on silica gel eluting with 60% ethyl acetate/hexane 
provided the desired tetrahydropyranyl -protected 
hydroxamate as a white foam (6.29 g, 92%). MS MH + 
calculated for C 28 H 3 6N 2 S0 7 : 545.2321. Found 545.2316. 

2 0 Part F: To a solution of the tetrahydropyranyl - 

protected hydroxamate of part E (2.84 g, 5.0 mmol) in 
dioxane (40 mL) was added 4 N HCl/dipxane (30 mL) . 
After stirring at ambient temperature for 2.5 hours, 
the solution was concentrated in vacuo. Trituration 

25 of the resulting solid with diethyl ether and 

filtration gave the desired hydroxamate as a white 
solid (2.33 g, 90%). MS M + calculated for C 23 H 28 N 2 S0 6 : 
460.1677. Found 460.1678. 
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Example 423: Preparation of 4- [ [4- (cyclohexylthio) - 
phenyl] sulfonyl] -N-hydroxy-1- 
(methylsulfonyl) -4- 

pipeyidinegaybpxamiqe 

5 




\ 



S0 2 CH 3 

Part A: To a solution of the product of Example 
9, Part D (10.0 g, 24.0 mmol) in DMF (20 mL) was 

10 added K 2 C0 3 (4.99 g, 36.0mmol), cyclohexyl mercaptan 
(4.40 g, 36.0 mmol). The solution was stirred at 
ninety degrees Celsius for 48 hrs . The solution was 
diluted with H 2 0 (400 mL) and extracted with ethyl 
acetate. The organic layer was washed with saturated 

15 NaCl and dried over MgS0 4 , filtered and concentrated 
in vacuo. Trituration with ethanol provided the 
desired sulfide as a white solid (7.16 g, 58%). 

Part B: To a solution of sulfide from part B 
(9.46 g, 18.5 mmol) in ethanol (30 mL) and 

20 tetrahydrofuran (3 0 mL) was added a solution of NaOH 
(7.39 g, 185 mmol) in water (15 mL) and the solution 
was heated at sixty- five degrees Celsius for 18 
hours. The solution was concentrated in vacuo and 
the aqueous residue was acidified to pH = 3.5. The 

25 resulting white solid was collected by filtration 
washed with H 2 0 and ethyl ether to give desired 
carboxylic acid (8.57 g, 95%). 
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Part C: To a solution of carboxylic acid of 
part B (8.3 g, 17.0 mmol) in ethyl acetate (200 mL) 
cooled to zero degrees Celsius was bubbled gaseous HCl 
for 15 min. The reaction was then stirred at this 
5 temperature for 0.5 hour. The solution was 

concentrated in vacuo to afford a residue which was 
triturated with diethyl ether to afford the desired 
hydrochloride salt as a white solid (7.03 g, 98%). 
MS MH+ calculated for C 18 H 25 NS 2 04 : 384.1303. Found 
10 384.1318. 

Part D: To a solution of the hydrochloride salt 
of part C (1.0 g, 2.4 mmol) was added N-methyl 
morpholine (654 mL, 5.9 mmol) followed by mesyl 
chloride (280 mL, 3.6 mmol) in methylene chloride (20 

15 mL) . The solution was stirred at ambient temperature 
for 18 hours. The solution was diluted with H 2 0 (400 
mL) and extracted with methylene chloride. The 
organic layer was washed with water, saturated NaCl 
and dried over MgS0 4 , filtered and concentrated in 

2 0 vacuo to yield the desired methanesulf omanide as a 
foam (1.0 g, quantitative yield) 

Part E: To a solution of the methanesulfonamide 
of part D (1.3 g, 2.9 mmol) in DMF (30 mL) was added 
1-hydroxybenzotriazole (474 mg, 3.5 mmol), N-methyl 

25 morpholine (956 mL, 8.7 mmol), tetrahydropyranyl 
hydroxyl amine (509 mg, 4.3 mmol) followed by 1-3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (778 mg, 4.06 mmol). The solution was 
stirred at ambient temperature for 18 hours. The 

30 solution was diluted with H 2 0 (400 mL) and extracted 
with ethyl acetate. The organic layer was washed 
with saturated NaCl and dried over MgS0 4 , filtered 
and concentrated in vacuo. Chromatography on silica 
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gel eluting with 30% ethyl acetate/hexane provided 
the desired tetrahydropyranyl -protected hydroxamate 
as a white foam (1.05 g, 82%). 

Part F: To a solution of the tetrahydropyranyl - 
5 protected hydroxamate of part E (1.05 g, 1.97 mmol) 
in dioxane (30 mL) was added 4 N HCl/dioxane (10 
mL) . After stirring at ambient temperature for 2.5 
hours, the solution was concentrated in vacuo. 
Chromatography on C18 reverse phase column eluting 
10 with acetonitrile/ (HC1) water provided a white solid 
(602 mg, 64%). MS M + for C 19 H 28 N 2 S 3 06 : 477, found 477. 



Example 424: Preparation of N-hydroxy-1- 

(methylsulfonyl) -4- [ [4- (phenylthio) - 
!5 phenyl] sulf onyl] -4- 

piperidinecarboxamide 



HOHN 




2 0 Part A: To a solution of the product of 

Example 9, Part D (40.0 g, 96.0 mmol) in DMF (200 mL) 
was added K 2 C0 3 (20 g, 144 mmol) and thiophenol (22.2 
g, 144 mmol) . The solution was stirred at ambient 
temperature for 24 hrs. The solution was then 

25 diluted with H 2 0 (1 L) and extracted with ethyl 

acetate. The organic layer was washed with water, 
saturated NaCl and dried over MgS0 4 , filtered and 
concentrated in vacuo. Chromatography (on silica, 
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elueting with 15% ethyl acetate/hexane) provided the 
desired sulfide as a white solid (44.4 g, 91%). 

Part B: To a solution of sulfide of part A 
(31.2 g, 6.6 mmol) in ethyl acetate (500 mL) cooled 
5 to zero degrees Celsius was bubbled gaseous HC1 for 3 0 
minutes. The reaction was stirred at this 
temperature for 1.5 hours. The solution was 
concentrated in vacuo and resulting solid was 
triturated with diethyl ether to provide the 

10 hydrochloride salt as a white solid (26.95 g, 96%). 

Part C: To a solution of the hydrochloride salt 
of part B (2.0 g, 4.7 mmol), were added N-methyl 
morpholine (1.29 mL, 11.7 mmol), followed by mesyl 
chloride (550 mL, 7.05 mmol) in methylene chloride 

15 (35 mL) . The solution was stirred at ambient 

temperature for 48 hours. The solution was diluted 
with H 2 0 (400 mL) and extracted with methylene 
chloride. The organic layer was washed with water, 
saturated NaCl and dried over MgS0 4 , filtered and 

20 concentrated in vacuo to yield the desired 

methanesulfonamide as a white solid (2.17 gm, 96%). 

Part D: To a solution of the methane 
sulfonamide from part C (2.1 g, 4.3 mmol) in ethanol 
(25 mL) and tetrahydrof uran (25 mL) was added a 

25 solution of NaOH (1.72 g, 43 mmol) in water (10 mL) 
and the solution was heated at sixty degrees Celsius 
for 18 hours. The solution was concentrated in vacuo 
and the aqueous residue was acidified to pH=3.5. The 
resulting precipitate was filtered to give the 

30 desired carboxylic acid as a white solid (2.1 g, 
quantitative yield) . 

Part E: To a solution of the carboxylic acid of 
part D (1.98 g, 4.3 mmol) in DMF (30 mL) were added 
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1-hydroxybenzotriazole (705 mg, 5.2 mmol) , N-methyl 
morpholine (1.54 mL, 12.9 mmol) and O- 
tetrahydropyranyl hydroxyl amine hydrochloride (755 
mg, 6.5 mmol) followed by 1-3- (dimethylamino) 
5 propyl] -3-e thy 1 carbodiimide hydrochloride (1.17 g, 
6.1 mmol). The solution was stirred at ambient 
temperature for 5 days. The solution was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 

10 dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on CI 8 reverse phase column, e luting 
with acetonitrile/ (HC1) water provided the desired 
tetrahydropyranyl -protected hydroxamate as a white 
solid (1.86 g, 80%). HRMS MH + calculated for 

15 C 2 4H3oN 2 S 3 07 : 555.1293, found 555.1276. 

Part F: To a solution of tetrahydropyranyl - 
protected hydroxamate of part E (1.86 g, 3.5 mmol) in 
dioxane (30 mL) and methanol (10 mL) was added 4 N 
HCl/dioxane (2 0 mL) . After stirring at ambient 

20 temperature for 2.5 hours, the solution was 

concentrated in vacuo. Chromatography on a C18 
reverse phase column eluting with acetonitrile/ (HC1) 
water provided the title compound as a white solid 
(1.48 gm, 91%). HRMS MH + calculated for Cigl^^SaOs : 

25 471.0718 Found 471.0728. 

Example 425: Preparation of 1- eye lopropyl-N- hydroxy - 
4- [ [4- [4- (trif luoromethoxy) phenoxy] - 
phenyl] sulfonyl] -4-piperidine- 
30 carboxamide, monohvdrochloride 
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HOHN 




A HCl 

Part A: To a solution of the product of 
Example 398, Part A (6.97 g, 19.6 mmol) in DMF (500 
mL) was added K 2 C0 3 (3.42 g, 18.0 mmol) and 4- 
5 (triflouromethoxy) -phenol (3.7 g, 24.8 mmol). The 

solution was stirred at ninety degrees Celsius for 40 
hours. The solution was diluted with H 2 0 (600 mL) and 
extracted with ethyl acetate. The organic layer was 
washed with water, saturated NaCl and dried over MgS0 4 

10 , filtered and concentrated in vacuo to afford the 
desired diaryl ether as an oil (8.5 g, 
quantitative). HRMS MH + calculated for C24H 2 6NS0 6 F 3 : 
514.1511. Found 514.1524. 

Part B: To a solution of diaryl ether from part 

15 A (8.4 g, 16.4 mmol) in ethanol (50 mL) and 

tetrahydrofuran (50 mL) was added a solution of NaOH 
(6.54 g, 164 mmol) in water (20 mL) and the solution 
was heated at sixty degrees Celsius for 18 hours. 
The solution was concentrated in vacuo to remove most 

20 of organic solvents and the aqueous residue was 

acidified to pH=4.0. The resulting precipitate was 
filtered to give the desired filtered to give the 
hydrochloride salt as a white solid (5.01 g, 63%). 
HRMS MH+ calculated for C^HszNSOgFa : 486.1198, found 

25 486.1200. 

Part C: To a solution of the hydrochloride salt 
of part B (5.0 g, 10.3 mmol) in DMF (80 mL) were 
added 1-hydroxybenzotriazole (1.65 g, 12.3 mmol), N- 
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methyl morpholine (3.4 mL, 30.9 mmol) and O- 
tetrahydropyranyl hydroxyl amine hydrochloride (1.8 
g, 15.4 mmol) followed by 1-3- (dimethylamino) propyl] - 
3-ethylcarbodiimide hydrochloride (1.60 g, 12.3 
5 mmol) . The solution was stirred at ambient 

temperature for 42 hours. The solution was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over MgS0 4 , filtered and concentrated in vacuo. 

10 Chromatography on silica gel, eluting with 30% ethyl 
acetate /hexane provided the desired 
tetrahydropyranyl-protected hydroxamate as a white 
solid (5.41 g, 89%) . 

Part D: To a solution of tetrahydropyranyl- 

15 protected hydroxamate of part C (5.4 g, 9.2 mmol) in 
dioxane (80 mL) and methanol (20 mL) was added 4 N 
HCl/dioxane (50 mL) . The reaction was stirred at 
ambient temperature for 2.5 hours, the solution was 
concentrated in vacuo. Trituration with diethyl 

20 ether afforded the title compound as a white solid 

(4.02 g, 81%). HRMS MH + calculated for C 2 2H23N 2 S0 6 F 3 : 
501.1307, found 501.1324. 



Example 426: Preparation of l-cyclopropyl-4- [ (4- 
ethoxyphenyl) sulfonyl] -N -hydroxy- 4- 
piperidipecflrhoxamide . monohydrochloride 
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Part A: To a solution of the product of 
Example 398, Part A (5.87 g, 16.5 mmol) in DMF (50 
5 mL) was added K 2 C0 3 (3.42 g, 24.7 mmol) and a,a,a- 
(trifluoromethyl) -p-cresol (4.01g, 24.7 mmol). The 
solution was stirred at ninety degrees Celsius for 48 
hours. The solution was diluted with H 2 0 (400 mL) and 
extracted with ethyl acetate. The organic layer was 

10 washed with water, saturated NaCl and dried over MgS0 4 
, filtered and concentrated in vacuo to give the crude 
product, containing a large percentage of starting 
material (8.39 g) . To this material (8.39 g) in 
ethanol (50 mL) and tetrahydrofuran (50 mL) was added 

15 a solution of NaOH (6.75 g, 169 mmol) in water (20 
mL) and the solution was heated at sixty degrees 
Celsius for 18 hours. The solution was concentrated 
in vacuo and the aqueous residue was acidified to 
pH=3.5. The resulting precipitate was filtered to 

20 give the desired hydrochloride salt as a waxy solid 
(5.04 g, 64%) . 

Part B: To a solution of the hydrochloride salt 
of part A (5.0 g, 10.3 mmol) in DMF (80 mL) were 
added 1-hydroxybenzotriazole (1.73 g, 12.8 mmol), N- 

25 methyl morpholine (3.5 mL, 31.8 mmol) and O- 

tetrahydropyranyl hydroxyl amine hydrochloride (1.86 
g, 15.9 mmol) followed by 1-3- (dimethylamino) propyl] - 
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10 



15 



20 



3-ethylcarbodiimide hydrochloride (2.84 g, 14.8 
rranol) . The solution was stirred at ambient 
temperature for 18 hours. The solution was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on silica gel eluting with 30% ethyl 
acetate/hexane provided the desired 
tetrahydropyranyl -protected hydroxamate as a white 
solid (1.5 g, 32%) . 

Part C: To a solution of tetrahydropyranyl - 
protected hydroxamate of part D (1.5 g, 3.3mmol) in 
dioxane (3 0 mL) and methanol (15 mL) was added 4 N 
HCl/dioxane (50 mL) . The reaction was stirred at 
ambient temperature for 2 hours, then the solution 
was concentrated in vacuo. Trituration of the 
residue with diethyl ether afforded the title 
compound as a white solid (1.09g, 81%) . MS MH + for 
Ci 7 H24N 2 S0 5 : 369 found 3 69. 

Example 427: Preparation of 1 -eye lop ropy 1-N- hydroxy - 



4- [ [4- [4- (trifluoromethyl) 
phenoxy] phenyl] sulfonyl] -4- 
piper idinecarboxamide , 
mQ^ohyflrpchloriqe 




N 




HCl 
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Part A: To a solution of the product of Example 
398, Part A (5.96 g, 15.0 mmol) in DMF (100 mL) was 
added K 2 C0 3 (12.34 g, 38.0 mmol) and a,ct,a- 
5 trifluoromethyl phenol (3.65 g # 22.5 mmol). The 
solution was stirred ninety degrees Celsius for 28 
hours. The solution was diluted with H 2 0 (400 mL) and 
extracted with ethyl acetate. The organic layer was 
washed with water, saturated NaCl and dried over MgS0 4 

10 , filtered and concentrated in vacuo to afford desired 
aryl ether as an oil (7.54 g, quantitative) 

Part B: To a solution of aryl ether from part A 
(7.54 g, 15.0 mmol) in ethanol (40 mL) and 
tetrahydrofuran (40 mL) was added a solution of NaOH 

15 (6.06 g, 151.0 mmol) in water (20 mL) and the 

solution was heated at sixty degrees Celsius for 18 
hours. The solution was concentrated in vacuo and 
the aqueous residue was acidified to pH=2.0. The 
resulting precipitate was filtered to give the 

20 desired hydrochloride salt as a white solid (7.98 g, 
quantitative). MS MH + calculated for C22H22NSO5F3 : 
470, found 470. 

Part C: To a solution of the hydrochloride salt 
of part B (7.60 g, 15.0 mmol) in DMF (100 mL) were 

25 added 1-hydroxybenzotriazole (2.44 g, 18.0 mmol), li- 
me thy 1 morpholine (3.4 mL, 30.9 mmol ) and O- 
tetrahydropyranyl hydroxyl amine hydrochloride (2.63 
g, 22.5 mmol) followed by 1-3- (dimethylamino) propyl] - 
3-ethylcarbodiimide hydrochloride (4.02 g, 21.0 

30 mmol) . The solution was stirred at ambient 

temperature for 96 hours. The solution was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 
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dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on silica eluting with 30% ethyl 
acetate/hexane provided the desired 
tetrahydropyranyl -protected hydroxamate as a white 
5 solid (5.93g, 69%) . 

Part D: To a solution of tetrahydropyranyl- 
protected hydroxamate of part C (3.8 g, 6.7 ramol) in 
dioxane (100 mL) was added 4 N HCl/dioxane (30 mL) . 
The reaction was stirred at ambient temperature for 2 
10 hours, then the solution was concentrated in vacuo. 
Trituration with diethyl ether afforded the title 
compound as a white solid (3.33 g, 96%). MS MH + 
calculated for C22H23N2SO5F3 : 485 , found 485. 

15 Example 428: Preparation of N-hydroxy- 1- (1- 

methylethyl) -4- [ [4- [4- 
(trif luoromethyl) -phenoxy] phenyl] 
sulf onyl] -4-piperidinecarboxamide, 
monohvdr ochloride 

20 



HOHN 




CH3 CH3 



Part A: To a solution of the product of Example 
9, Part D (30.0 g, 80.8 mmol) in methylene chloride 
25 (100 mL) was added trif luoroacetic acid (30 mL) in 

methylene chloride (4 0 mL) . The solution was stirred 
at ambient temperature for two hours. The solution 
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was concentrated in vacuo. To the residue dissolved 
in methylene chloride (150 mL) at zero degrees 
Celsius were added triethylamine (28.0 mL, 277 mmol) , 
acetone (24.0 mL, 413 mmol), sodium cyanoborohydride 
5 (68 g, 323.1 mmol) and acetic acid (18.5 mL, 308 
mmol) . The reaction mixture was stirred at ambient 
temperature for 18 hours. The solution was diluted 
with IN NaOH and extracted with ethyl ether. The 
organic layer was washed with IN NaOH, water, 

10 saturated NaCl and dried over MgS0 4 , filtered and 
concentrated in vacuo to provided the desired 
isopropylamine (21.03 g, 72%). 

Part B: To a solution of the isopropylamine of 
part A (4.04 g, 11.0 mmol) in DMF (50 mL) was added 

15 CsC0 3 (10.75g, 33.3 mmol) and a, a, a- trif luoro-p-cresol 
(2.67g, 16.5 mmol). The solution was stirred at 
ninety degrees Celsius for 40 hours. The solution 
was diluted with H 2 0 (4 00 mL) and extracted with ethyl 
acetate. The organic layer was washed with water, 

20 saturated NaCl and dried over MgS0 4 , filtered and 
concentrated in vacuo. Chromatography on silica 
gel, eluting with 3 0% ethyl acetate/hexane, provided 
the desired diaryl ether as an oil (5.35 g, 97%). 
HRMS MH* calculated for C 2 4H28NS0 5 F 3 : 500.1640, found: 

25 500.1678. 

Part C: To a solution of the diaryl ether from 
part B (5.3 g, 10.6 mmol) in ethanol (50 mL) and 
tetrahydrofuran (50 mL) was added a solution of NaOH 
(4.2 g, 106.0 mmol) in water (25 mL) and the solution 
30 was heated at sixty degrees Celsius for 18 hours. 
The solution was concentrated in vacuo and the 
aqueous residue was acidified to pH=3.0. The 
resulting precipitate was filtered to give the 
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desired hydrochloride salt as a white solid (5.38 g, 
quantitative). MS MH+ calculated for C 22 H24NS0 5 F3 : 
472.1406, found 471.472.1407. 

Part D: To a solution of the hydrochloride salt 
5 of part C (5.4 g, 10.6 mmol) in DMF (90 mL) were 

added 1-hydroxybenzotriazole (1.72 g, 12.3 mmol), N- 
methyl morpholine (3.5 mL, 32.0 mmol) and O- 
tetrahydropyranyl hydroxyl amine hydrochloride (1.87 
g, 15.9 mmol) followed by 1-3- (dimethylamino) propyl] - 

10 3 -ethylcarbodiimide hydrochloride (2.8 g, 15.0 
mmol) . The solution was stirred at ambient 
temperature for 144 hours. The solution was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 

15 dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on silica gel, eluting with 2% 
methanol/ethyl acetate, provided the desired 
tetrahydropyranyl-protected hydroxamate as a white 
solid (2.74 g, 45%). HRMS MH + calculated for 

20 C 2 7H33N 2 S0 5 F3 : 571.2090 , found 571.2103 

Part E: To a solution of tetrahydropyranyl- 
protected hydroxamate of part D (2.7 g, 4.7 mmol) in 
dioxane (50 mL) was added 4 N HCl/dioxane (20 mL) . 
The reaction was stirred at ambient temperature for 2 

25 hours. Filtration afforded the title compound as a 
white solid (2.08 g, 84%). MS MH + calculated for 
C 22 H 25 N 2 S0 5 F3 : 487 , found 487. 

Example 429: Preparation of l-ethyl-N-hydroxy-4 - [ [4 - 
30 [4- (trifluoromethyl)phenoxy] phenyl] - 

sul f onyl ] -4 -piper idinecarboxamide , 
monohvdrochloride 
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HOHN 




CH 3 



Part A: To a solution of the product of Example 
9, Part D (48 g, 115.0 mmol) in ethyl acetate (750 
5 mL) cooled to zero degrees Celsius was bubbled gaseous 
HCl for 45 minutes, and stirred at that temperature 
for 7 hours. The solution was concentrated in vacuo 
to afford a residue that was triturated with diethyl 
ether to afford the desired hydrochloride salt as a 

10 white solid (32.76 g, 81%). 

Part B: To a solution of hydrochloride salt of 
part A (15.8 g, 45.0 mmol) in DMF (75 mL) was added 
K 2 C0 3 (12.4 g, 90.0 mmol) and bromoethane (3.4 mL, 
45.0 mmol). The solution was stirred at ambient 

15 temperature for 18 hours. The solution was diluted 
with H 2 0 (200 mL) and extracted with ethyl acetate. 
The organic layer was washed with water, saturated 
NaCl and dried over MgS0 4 , filtered and concentrated 
in vacuo to provide the desired ethyl amine as an oil 

20 (15.4 g, quantitative) . 

Part C: To a solution of ethyl amine of part B 
(5.2 g, 15.0 mmol) in DMF (50 mL) was added CsC0 3 
(12.21 g, 37.5 mmol) and a, a, a-trif luoro-p-cresol 
(3.65 g, 23.0 mmol). The solution was stirred 

25 ninety degrees Celsius for 25 hours. The solution 

was diluted with H 2 0 (400 mL) and extracted with ethyl 
acetate. The organic layer was washed with water, 
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saturated NaCl and dried over MgS0 4 , filtered and 
concentrated in vacuo. Chromatography on silica 
gel, eluting with 20% ethyl acetate/hexane , provided 
the desired diaryl ether as an oil (7.3 g, 
5 quantitative yield) . 

Part D: To a solution of diaryl ether from part 
C (7.3 g, 15,0 mmol) in ethanol (40 mL) and 
tetrahydrofuran (4 0 mL) was added a solution of NaOH 
(6.0 g, 150 mmol) in water (30 mL) , and the solution 

10 was heated at sixty degrees Celsius for 16 hours. 
The solution was concentrated in vacuo and the 
aqueous residue was acidified to pH=4 . 0 . The 
resulting precipitate was filtered to give the 
desired hydrochloride salt as a white solid (5.96 g, 

15 80%). HRMS MH + calculated for C 21 H 22 NS0 5 F3 : 458.1249, 
found 458.1260 

Part E: To a solution of the hydrochloride salt 
of part D (5.96 g, 12.0 mmol) in DMF (80 mL) were 
added 1-hydroxybenzotriazole (1.96 g, 14.0 mmol), N- 

20 methyl morpholine (3.9 mL, 36.0 mmol) and O- 

tetrahydropyranyl hydroxyl amine hydrochloride (2.11 
g, 18.0 mmol) followed by 1-3- (dimethylamino) propyl] - 
3-ethylcarbodiimide hydrochloride (3.24 g, 17.0 
mmol) . The solution was stirred at ambient 

25 temperature for 168 hours. The insoluble material 
was removed by filtration and the filtrate was 
diluted with H 2 0 (400 mL) and extracted with ethyl • 
acetate. The organic layer was washed with saturated 
NaCl and dried over MgS0 4 , filtered and concentrated 

30 in vacuo. Chromatography on silica gel eluting with 
70% ethyl acetate/hexane provided the desired 
tetrahydropyranyl -protected hydroxamate as a white 
solid (2 .80 g, 41%) . 
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Part F: To a solution of tetrahydropyranyl- 
protected hydroxamate of part E (2.89, 5.0 mmol) in 
dioxane (80 mL) was added 4 N HCl/dioxane (20 mL) . 
The reaction was stirred at ambient temperature for 5 
5 hours, and the solution was concentrated in vacuo. 
Trituration with diethyl ether afforded the title 
compound as a white solid (2.08 g, 84%). MS MH* 
calculated for C21H23N2SO5F3 : 473, found 473. 

10 Example 430: Preparation of l-ethyl-N-hydroxy-4- [ [4- 

[4- (l-methylethyl)phenoxy] phenyl] - 
sulfonyl] -4-piperidinecarboxamide, 
monohvdrochloride 




Part A: To a solution of the product of 
Example 9, Part D (48 g, 115.0 mmol) in ethyl acetate 
(750 mL) cooled to zero degrees Celsius was bubbled 

20 gaseous HCl for 45 minutes. The reaction was stirred 
at this temperature for 7 hours. The solution was 
concentrated in vacuo to afford a residue which was 
triturated with diethyl ether to afford the desired 
hydrochloride salt as a white solid (32.8 g, 81%). 

25 Part B: To a solution of the hydrochloride salt 

of part A (15.8 g, 45.0 mmol) in DMF (75 mL) was 
added K 2 C0 3 (12.4 g, 90.0mmol) and bromoethane (3.4 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-682- 

mL, 45.0 mmol) . The solution was stirred at ambient 
temperature for 18 hours. The solution was diluted 
with H 2 0 (200 mL) and extracted with ethyl acetate. 
The organic layer was washed with water, saturated 
5 NaCl and dried over MgS0 4 , filtered and concentrated 
in vacuo to afford the desired ethyl amine as an oil 
(15.4 g, quantitative) . 

Part C: To a solution of ethyl amine of part B 
(5.2 g, 15.0 mmol) in DMF (50 mL) was added CsC0 3 

10 (12.2 g, 37.5 mmol) and 4-isopropylphenol (3.15 g, 
23. 0 mmol). The solution was stirred at ninety 
degrees Celsius for 5 hours. The solution was 
diluted with H 2 0 (400 mL) and extracted with ethyl 
acetate. The organic layer was washed with water, 

15 saturated NaCl and dried over MgS0 4 , filtered and 

concentrated in vacuo. Chromatography on silica gel 
eluting with 2 0% ethyl acetate/hexane provided the 
desired diaryl ether as an oil (6.2 g, 95%). HRMS MH + 
calculated for C 25 H33N 3 S05: 460.2158, found: 460.2160. 

20 Part D: To a solution of diaryl ether from part 

C (6.2 g, 13.0 mmol) in ethanol (40 mL) and 
tetrahydrofuran (40 mL) was added a solution of NaOH 
(5.2 g, 130 mmol) in water (30 mL) and the solution 
was heated at sixty degrees Celsius for 16 hours. 

25 The solution was concentrated in vacuo and the 
aqueous residue was acidified to pH = 4.0. The 
resulting precipitate was filtered and washed with H 2 0 
and diethyl ether to give desired hydrochloride salt 
(6.0 g, quantitative). HRMS MH + calculated for 

30 C 23 H 29 NS0 5 : 432.1845, found 432.1859. 

Part E: To a solution of the hydrochloride salt 
of part D (6.08 g, 13.0 mmol) in DMF (80 mL) were 
added 1-hydroxybenzotriazole (2.11 g, 15.6 mmol), N- 
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methyl morpholine (4.3 mL, 39.0 mmol) and O- 
tetrahydropyranyl hydroxyl amine hydrochloride (2.28 
g, 19.5 mmol) followed by 1-3- (dimethylamino) propyl] - 
3-ethylcarbodiimide hydrochloride (3.49 g, 18.2 
5 mmol) . The solution was stirred at ambient 

temperature for 168 hours. Insoluble material was 
removed by filtration and the filtrate was diluted 
with H 2 0 (400 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 

10 dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on silica gel eluting with 50% ethyl 
acetate/hexane provided the desired 
tetrahydropyranyl -protected hydroxamate as a white 
solid (1.7 g, 25%). HRMS MH+ calculated for C 28 H 38 N 2 S0 6 : 

15 531.2529, found 531.2537. 

Part F: To a solution of tetrahydropyranyl - 
protected hydroxamate of part E (1.7 g, 3.0 mmol) in 
dioxane (60 mL) was added 4 N HCl/dioxane (10 mL) . 
The reaction was stirred at ambient temperature for 4 

20 hours, and the solution was concentrated in vacuo. 
Chromatography on C18 reverse phase column eluting 
with acetonitrile/ (HC1) water provided the title 
compound as a white solid (860 mg, 59%) . HRMS MH + 
calculated for C 2 3H3oN 2 S0 5 : 447.1954 , found 447. 1972 

25 

Example 431: Preparation of 1-cyclopropyl-N-hydroxy- 
4 - [ [4 - [4- (l-methylethyl)phenoxy] 
phenyl] -sulfonyl] -4-piperidine- 
garboxamjde , monohvdrochloride 
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HOHN 




N 



I HCl 

Part A: To a solution of the product of 
Example 398, Part A (4.0 g, 10.2 mmol) in DMF (40 mL) 
5 was added K 2 C0 3 (12.46 g, 38.0 mmol) and 4- 

isopropylphenol (4.99 g, 15.3 mmol). The solution 
was stirred at ninety degrees Celsius for 24 hours. 
The solution was diluted with H 2 0 (400 mL) and 
extracted with ethyl acetate. The organic layer was 

10 washed with water, saturated NaCl and dried over MgS0 4 
, filtered and concentrated in vacuo. Chromatography 
on silica eluting with 30% ethyl acetate/hexane 
provided the desired diaryl ether as a white solid 
(3.89g, 76%). HRMS MH + calculated for C 26 H 33 NS0 5 : 

15 472.2158, found: 472.2171. 

Part B: To a solution of diaryl ether from 
part A (3.89 g, 8.20 mmol) in ethanol (40 mL) and 
tetrahydrofuran (40 mL) was added a solution of NaOH 
(3.30 g, 82.5 mmol) in water (25 mL) and the solution 

20 was heated at sixty degrees Celsius for 18 hours. 

The solution was concentrated in vacuo to remove most 
of the organic solvents and the aqueous residue was 
acidified to pH=3.0. The resulting precipitate was 
filtered and washed with H 2 0 and ethyl ether to give 

25 desired hydrochloride salt (7.98 g, quantitative) as 
a white solid. MS MH + calculated for C 24 H 29 NS0 5 : 
444, found: 444. 
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Part C: To a solution of the hydrochloride salt 
of part B (3.6 g, 7.0 mmol) in DMF (70 mL) were added 
1-hydroxybenzotriazole (1.22 g, 9.0 mmol), N-methyl 
morpholine (2.3 mL, 21.0 mmol) and O- 
5 tetrahydropyranyl hydroxyl amine hydrochloride (1.23 
g, 10.5 mmol) followed by 1-3 - (dimethyl ami no) propyl] - 
3-ethylcarbodiimide hydrochloride (2.01 g, 10.4 
mmol) . The solution was stirred at ambient 
temperature for 15 days. The solution was diluted 

10 with H 2 0 (4 00 mL) and extracted with ethyl acetate. 
The organic layer was washed with saturated NaCl and 
dried over MgS0 4 , filtered and concentrated in vacuo. 
Chromatography on silica gel, eluting with 15% ethyl 
acetate/hexane, provided the desired 

15 tetrahydropyranyl -protected hydroxamate as a white 
solid (3.51 g, 92%). HRMS MH + calculated for 
C 2 9H 3 8N 2 S0 6 : 543.2529, found 543.2539. 

Part D: To a solution of 
tetrahydropyranyl -protected hydroxamate of part C 

20 (3.51 g, 6.0 mmol) in methanol (10 mL) and dioxane 
(200 mL) was added 4 N HCl/dioxane (30 mL) . After 
stirring at ambient temperature for 2.5 hours, the 
solution was concentrated in vacuo. Trituration with 
diethyl ether afforded the title compound as a white 

25 solid (2.56 g, 86%). MS MH* calculated for C 24 H 3 oN 2 S0 5 : 
459.1875, found 459.1978. 
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Example 432: Preparation of N-hydroxy-4- [ [4- [4- (1- 
methylethoxy) phenoxy] phenyl] sulfonyl] - 
1- (1-methylethyl) -4- 

piperiqineg^rbo^^idg , TOnofryrirgchlpride 

5 




N HCI 
U-CH 3 
CH 3 

Part A: To a solution of ethyl-4-[(4- 



f luorophenylsulfonyl) ] -1- (1-methylethyl) -4- 
piperidinecarboxylate (2.0 g, 5.4 mmol) in N,N- 

10 dimethyl formamide (10 mL) was added 4- 

isopropyloxyphenol , which may be prepared according 
to the procedure of J. Indian Chem. Soc, 72, 1996, 
507-511, (1.63 g, 10.7 mmol) and cesium carbonate (7 
g, 21.5 mmol) and the resulting suspension was heated 

15 at 60 degrees Celsius for 16 hours. The reaction 

mixture was then concentrated in vacuo. The residue 
was dissolved in ethyl acetate and washed with 1 N 
sodium hydroxide, water and brine and dried over 
magnesium sulfate. Concentration of the organic 

20 phase gave a residue which was purified by 

chromatography on silica gel eluting with ethyl 
acetate/hexane to afford the desired aryl ether (1.06 

g, 39%) . 

Part B: To a solution of the aryl ether (1.06 
25 g, 2.1 mmol) in ethanol (20 mL) and water (20 mL) was 
added sodium hydroxide (0.84 g, 21 mmol) and the 
mixture was heated to 65 degrees Celsius for 16 
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hours. The solvents were then removed in vacuo. 
Water (50 mL) was added and the mixture was again 
concentrated in vacuo and the resulting mixture was 
acidified with 2 N HC1 to pH=4-5. The solid 
5 precipitate was collected by filtration and rinsed 
with diethyl ether to afford the desired carboxylic 
acid (3.13 g, 100%) . 

Part C: A solution of the carboxylic acid of 
part B (1,0 g, 2.0 mmol) in thionyl chloride (5 mL) 

10 was refluxed for 2 hours . The solvent was removed 
in vacuo. To the resulting residue in DMF (10 mL) 
was added N-methyl morpholine (0.66 mL, 6.0 mmol)) 
and O-tetrahydropyranyl hydroxyl amine hydrochloride 
(351 mg, 3.0 mmol). The solution was stirred at 

15 ambient temperature for 18 hours. The suspension was 
filtered and the filtrate was diluted with H 2 0 (400 
mL) and extracted with ethyl acetate. The organic 
layer was washed with saturated NaCl and dried over 
MgS0 4 , filtered and concentrated in vacuo. 

20 Chromatography on silica gel eluting with 90% ethyl 
acetate/hexane provided the desired tetrahydropyran- 
protected hydroxamate as a white solid (280 mg, 23%) . 
HRMS MH+ calculated for C^oNsSO, : 561.2634, found 
561.2653. 

25 Part D: To a solution of tetrahydropyranyl - 

protected hydroxamate of part C (275 mg, 0.48 mmol) 
in dioxane (15 mL) was added 4 N HCl/dioxane (5 mL) . 
After stirring at ambient temperature for 2 hours, 
the solution was concentrated in vacuo. Trituration 

30 with diethyl ether and filtration of the resulting 
solid gave the title compound as a white solid (193 
mg, 76%). MS MH + calculated for C 24 H32N 2 S0 6 : 477, 
found 477. 
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Example 433: Preparation of 4- [ [4 - [ (2-f luorophenyl) - 
thio] phenyl] sulfonyl] -N-hydroxy-4- 
p j.peridi necarboxamicte . monohydrochloride 



HOHN 




10 



15 



20 



25 



Part A: To a solution of the product of 
Example 9, Part D (6.0 g, 14.4 mmol) in N,N- 
dimethylformamide (30 mL) were added 2- 
fluorothiophenol (2.22 g, 17.3 mmol) and potassium 
carbonate (2.40 g, 17.3 mmol), and the resulting 
suspension was stirred at ambient temperature for 48 
hours. The reaction mixture was then diluted with 
ethyl acetate (200 mL) and washed with 1 N sodium 
hydroxide (200 mL) and brine (3X) . Concentration of 
the organic phase afforded a residue that was 
purified by chromatography on silica gel, eluting 
with ethyl acetate/hexane (1:4), to afford the 
desired aryl sulfide (8.0 grams, 100%) as a white 
solid. 

Part B: To a solution of the ethyl ester 
of part A (8.0 g, 15 mmol) in ethanol (90 mL) and 
water (20 mL) was added sodium hydroxide (6.1 g, 152 
mmol) , and the mixture was heated to 65 degrees 
Celsius for 16 hours. Volatile organics were removed 
in vacuo and the resulting aqueous mixture was 
acidified with 2 N HC1 to pH=3-4. Solid sodium 
chloride was added and the mixture was extracted with 
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ethyl acetate. The combined organic extracts were 
washed with brine and dried with magnesium sulfate. 
Removal of the solvent afforded the desired 
carboxylic acid (4.92 g, 68%). 
5 Part C: To a solution of the carboxylic 

acid of part B (4.92 g, 9.93 mmol) in N,N- 
dimethylformamide (100 mL) were added 4- 
methylmorpholine (1.52 g, 15.0 mmol), N- 
hydroxybenzotriazole (1.62 g, 12.0 mmol) and l-[3- 

10 (dimethylamino) propyl] -3 -ethylcarbodiimide 

hydrochloride (2.70 g, 14.1 mmol), followed by O- 
(tetrahydro-2H-pyran-2-yl)hydroxylamine (2.24 g, 15.0 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 

15 a residue that was dissolved in ethyl acetate (200 
mL) and washed with water and brine. Concentration 
and purification by chromatography on silica gel 
afforded the protected hydroxamate derivative (4.9 
mg, 83%) . 

20 Part D: Hydrogen chloride gas was bubbled 

for 10 minutes through an ice bath-cooled solution of 
the protected hydroxamate of part C (4.9 g, 8.24 
mmol) in ethyl acetate (30 mL) . The mixture was then 
allowed to stand at ambient temperature for 2 hours, 

25 after which time the solvent was removed in vacuo. 
Fresh ethyl acetate (30 mL) was added and then 
removed in vacuo, and this procedure was repeated. 
Ethyl acetate (50 mL) was then added and the solid 
was collected by filtration to afford a solid that 

3 0 was purified by reverse-phase chromatography,, 

eluting with acetonitrile/water (gradient of 20/80 up 
to 100% acetonitrile) , to afford the title compound 
(1.9 g, 43%). Analytical calculation for 
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Ci 8 H 19 FN 2 0 4 S 2 .HCl: C, 48.37; H, 4.51; N, 6.27; CI, 
7.93. Found: C, 48.14; H, 4.33; N, 6.21; Cl , 8.64. 
HRMS (ESI) MH+ calculated for C lfl H 19 FN20 4 S2 : 411.0849, 
found 411.0844. 

5 

Example 434: Preparation of 4- [ [4- [ (2-f luorophenyl) - 
thiojphenyl] sulfonyl] -N-hydroxy-1- (2- 
propynyl ) -4 -piperidinecarboxamide , 
monohvdrochloririg 

10 




Part A: To a solution of the product of 
Example 9, Part F (4.46 g, 12.6 mmol) in N,N- 

15 dimethyl fortnamide (30 mL) were added 2- 

fluorothiophenol (1.94 g, 15.1 mmol) and potassium 
carbonate (2.09 g, 15.1 mmol), and the resulting 
suspension was stirred at ambient temperature for 48 
hours. The reaction mixture was then diluted with 

20 ethyl acetate (200 mL) and washed with 1 N sodium 

hydroxide (2 00 mL) and brine (3X) . Concentration of 
the organic phase afforded the desired aryl sulfide 
(5.2 grams, 90%) . 

Part B: To a solution of the ethyl ester 

25 of part A (5.1 g, 11.4 mmol) in ethanol (90 mL) and 
water (30 mL) was added sodium hydroxide (5.0 g, 125 
mmol) , and the mixture was heated to 65 degrees 
Celsius for 16 hours. Organics were removed in vacuo 
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and the resulting aqueous mixture was acidified with 
2 N HC1 to pH=3-4. Solid sodium chloride was added 
and the mixture was extracted with ethyl acetate. 
The combined organic extracts were washed with brine 
5 and dried with magnesium sulfate. Removal of the 
solvent afforded the desired carboxylic acid (4.5 g, 
94%) . 

Part C: To a solution of the carboxylic 
acid of part B (4.5 g, 11.0 mmol) in N,N- 
10 dimethyl formamide (50 mL) were added 4- 
methylmorpholine (1.62 g, 16.0 mmol), N- 
hydroxybenzotriazole (1.73 g, 12.8 mmol), and 1- [3- 
(dimethylamino) propyl] -3-ethylcarbodiimide 
hydrochloride (2.87 g, 14.9 mmol) followed by CD- 
IS (tetrahydro-2H-pyran-2-yl)hydroxylamine (2.39 g, 16.0 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 
a residue that was dissolved in ethyl acetate (200 
mL) and washed with water and brine. Concentration 
20 and purification by chromatography on silica gel 

afforded the protected hydroxamate derivative that 
was used directly in the next step. 

Part D: Hydrogen chloride gas was bubbled 
for 10 minutes through an ice bath-cooled solution of 
25 the protected hydroxamate of part C in ethyl acetate 
(30 mL) . The mixture was then allowed to stand at 
ambient temperature for 2 hours after which time the 
solvent was removed in vacuo. Fresh ethyl acetate 
(30 mL) was added and then removed in vacuo, and this 
30 procedure was repeated. Ethyl acetate (50 mL) was 

then added and the solid was collected by filtration 
to afford a solid which was purified by reverse-phase 
chromatography eluting with acetonitrile/water 
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(gradient of 20/80 up to 100% acetonitrile) to afford 
the title compound (1.85 g, 35% for parts C and D) . 
HRMS (ESI) MH + calculated for C 21 H 21 FN 2 0 4 S 2 : 449.1005, 
found 449. 1023 . 

5 

Example 435: Preparation of 4- [ [4- (4-ethoxyphenoxy) - 
phenyl] sulfonyl] -N-hydroxy-1- (2- 
propynyl) -4-piperidinecarboxamide, 
monohvdrochloridg 



HOHN 




I HC1 

Part A: To a solution of the product of 
Example 9, Part F (8.00 g, 22.6 mmol) in N,N- 
dimethylformamide (50 mL) were added 4-ethoxyphenol 

15 (9.38 g, 70 mmol) and cesium carbonate (22.8 g, 70 
mmol) , and the resulting suspension was heated at 75 
degrees Celsius for 20 hours. The reaction mixture 
was then diluted with ethyl acetate (1000 mL) and 
washed with 1 N sodium hydroxide, water and brine. 

20 Concentration of the organic phase gave a residue 
that was purified by chromatography on silica gel, 
eluting with ethyl acetate/hexane (1:2), to afford 
the desired diaryl ether (10.5 grams, 99%). 

Part B: To a solution of the ethyl ester 

25 of part A (10.5 g, 22.3 mmol) in ethanol (70 mL) and 
water (60 mL) was added sodium hydroxide (8.9 g, 222 
mmol), and the mixture was heated to 65 degrees 
Celsius for 16 hours. Volatile organics were removed 
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in vacuo and the resulting aqueous mixture was 
acidified with 2 N HCl to pH=3-4. Solid sodium 
chloride was added and the mixture was extracted with 
ethyl acetate. The combined organic extracts were 
5 washed with brine and dried with magnesium sulfate. 
Removal of the solvent afforded the desired 
carboxylic acid (10 g, 100%) . 

Part C: To a solution of the carboxylic 
acid of part B (10 g, 22.5 mmol) in N,N- 

10 dimethyl formamide (50 mL) were added 4- 
methylmorpholine (3.42 g, 33.8 mmol), N- 
hydroxybenzotriazole (3.66 g, 27.1 mmol), and 1- [3- 
( dimethyl amino ) propyl ] - 3 - et hylcarbodi imide 
hydrochloride (6.05 g, 31.6 mmol) followed by O- 

15 (tetrahydro-2H-pyran-2-yl)hydroxylamine (5.05 g, 33.8 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 
a residue that was dissolved in ethyl acetate (200 
mL) and washed with water and brine. Concentration 

20 and purification by chromatography on silica gel, 

eluting with ethyl acetate/hexane (1:1), afforded the 
protected hydroxamate derivative (6.5 g, 53%) which 
was used directly in the next step. 

Part D: To a solution of the protected 

25 hydroxamate of part C in methanol/1, 4-dioxane (1:3, 
70 mL) was added 4 N HCl /l, 4-dioxane (30 mL) and the 
solution was stirred at ambient temperature for 4 
hours. The solvent was then removed in vacuo. 
Methanol (40 mL) was added and then removed in vacuo. 

30 Diethyl ether (100 mL) was added and the resulting 

solid was collected by filtration to afford the title 
compound (4.3 g, 72%). Analytical calculation for 
C 2 3H 26 N 2 0 6 S.HC1.H 2 0: C, 53.85; H, 5.70; N, 5.46; CI, 
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6.91; S, 6.25. Found: C, 53.65; H, 5.62; N, 5.41; 
CI, 6.86; S, 6.48. MS (ESI) MH + calculated for 
C23H2 6 N 2 0 6 S: 459, found 459. 



5 Example 436: Preparation of N-hydroxy-4- [ [4- [4- 

(methylsulf onyl) phenoxy) phenyl] - 
sulfonyl] -1- (2-propynyl) -4- 
pjperidinecarboxamide . monnhyriT-ochloride 




Part A: To a solution of the product of 
Example 9, Part F (2.5 g, 6.4 mmol) in N,N- 
dimethylformamide (15 mL) were added 4- 

15 methylsulphonylphenol (3.5 g, 20.3 mmol) and cesium 
carbonate (8.7 g, 27 mmol), and the resulting 
suspension was heated at 90 degrees Celsius for 16 
hours. The reaction mixture was then concentrated in 
vacuo. The residue was dissolved in ethyl acetate 

20 (500 mL) and washed with 1 N sodium hydroxide, water 
and brine. Concentration of the organic phase gave a 
residue which was purified by chromatography on 
silica gel eluting with ethyl acetate/hexane (1:1) to 
afford the desired aryl ether (2.5 grams, 77%). 

25 Part B: To a solution of the ethyl ester 

of part A (2.5 g, 4.9 mmol) in ethanol (50 mL) and 
water (30 mL) was added sodium hydroxide (2.0 g, 49 
mmol) and the mixture was heated to 65 degrees 
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Celsius for 8 hours. The solvents were removed in 
vacuo. Water (50 mL) was added, the mixture was 
again concentrated in vacuo and the resulting mixture 
was acidified with 2 N HC1 to pH=4-5. The solid 
5 precipitate was collected by filtration to afford the 
desired carboxylic acid (1.57 g, 67%). 

Part C: To a solution of the carboxylic 
acid of part B (1.57 g, 3.3 mmol) in N,N- 
dimethylformamide (15 mL) were added 4- 

10 methylmorpholine (0.5 g, 4.9 mmol), N- 

hydroxybenzotriazole (0.53 g, 3.9 mmol), and 1- [3- 
( dimethyl amino) propyl ] -3 -ethylcarbodiimide 
hydrochloride (0.88 g, 4.6 mmol) followed by O- 
(tetrahydro-2H-pyran-2-yl) hydroxy 1 amine (0 . 74 , 4.9 

15 mmol) . After stirring for 16 hours at ambient 

temperature, the reaction mixture was concentrated to 
a residue that was dissolved in ethyl acetate (200 
mL) and washed with water and brine. Concentration 
and purification by chromatography on silica gel, 

20 eluting with ethyl acetate/hexane, afforded the 

protected hydroxamate derivative (1.5 g, 79%), which 
was used directly in the next step. 

Part D: To a solution of the protected 
hydroxamate of part C (1.5 g, 2.6 0 mmol) in 

25 methanol /I, 4 -dioxane (1:3, 4 0 mL) was added 4 N 

HCl/l,4-dioxane (10 mL) , and the solution was stirred 
at ambient temperature for 3 hours . The solvent was 
then removed in vacuo. Methanol (30 mL) was added 
and then removed in vacuo. Diethyl ether (100 mL) 

30 was added and the resulting solid was collected by 
filtration to afford the title compound (1.35 g, 
98%). Analytical calculated for C 22 H 2 4N 2 0 7 S 2 .HCl : C, 
49.95; H, 4.76; N, 5.30; CI, 6.70; S, 12.12. Found: 
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C, 49.78; H, 4.56; N, 5.25; CI, 6.98; S, 11.98. HRMS 
(ESI) MH+ calculated for C 2 2H24N 2 0 7 S 2 : 493.1103, found 
493.1116. 

5 Example 437: Preparation of N-hydroxy-4- [ [4- 

[ (phenylmethyl) amino] phenyl] sulfonyl] - 
1 - ( 2 - propyny 1 - 4 - p i pe r idi ne carboxami de , 
monohvdrochloridfi 



HOHN 



10 




Part A: To a solution of the product of 
Example 9, Part F (2.5 g, 6.4 mmol) in N,N- 
dimethylformamide (30 mL) were added benzylamine 
(3.44 g, 32.1 mmol) and cesium carbonate (10.5 g, 

15 32.3 mmol) and the resulting suspension was heated at 
100 degrees Celsius for 16 hours. The reaction 
mixture was then concentrated in vacuo. The residue 
was dissolved in ethyl acetate (500 mL) and washed 
with water and brine and dried over magnesium 

20 sulfate. Concentration of the organic phase gave a 

residue that was purified by chromatography on silica 
gel, eluting with ethyl acetate/hexane (1:1), to 
afford the desired benzyl aniline derivative (2.5 
grams, 88%) . 

25 Part B: To a solution of the ethyl ester 

of part A (2.5 g, 5.67 mmol) in ethanol (50 mL) and 
water (30 mL) was added sodium hydroxide (2.27 g, 
56.7 mmol) , and the mixture was heated to 65 degrees 
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Celsius for 8 hours. The solvents were removed in 
vacuo. Water (50 mL) was added and the mixture was 
again concentrated in vacuo and the resulting mixture 
was acidified with 2 N HC1 to pH = 4-5. The solid 
5 precipitate was collected by filtration and rinsed 
with diethyl ether to afford the desired carboxylic 
acid (2.3 g, 98%) . 

Part C: To a solution of the carboxylic 
acid of part B (2.3 g, 5.57 mmol) in N,N- 

10 dimethyl formamide (15 mL) were added 4- 
methylmorpholine (0.85 g, 8.36 mmol), N- 
hydroxybenzotriazole (0.9 g, 6.69 mmol), and l-[3- 
( dimethyl ami no) propyl] -3-ethylcarbodiimide 
hydrochloride (1.5 g, 7.8 mmol) followed by O- 

15 (tetrahydro-2H-pyran-2-yl)hydroxylamine (1.25, 8.36 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 
a residue which was dissolved in ethyl acetate and 
washed with water and brine. Concentration and 

20 purification by chromatography on silica gel, eluting 
with ethyl acetate/hexane, afforded the protected 
hydroxamate derivative which was used directly in the 
next step. 

Part D: Hydrogen chloride gas was bubbled 
25 for 10 minutes through an ice bath-cooled solution of 

the protected hydroxamate of part C in ethyl acetate 

(50 mL) . The solvent was then removed in vacuo. 

Ethyl acetate (100 mL) was added and then removed in 

vacuo. Ethyl acetate (100 mL) was then added and the 
30 resulting solid was collected by filtration to afford 

the title compound (1.6 g, 62% for steps C and D) . 

HRMS (ESI) MH + calculated for C 22 H 25 N 3 0 4 S: 428.1644, 

found 428.1652. 
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Example 438: Preparation of l-ethyl-N-hydroxy-4- [ [4- 
[ [4- [trifluoromethyl) phenyl] methoxy] - 
phenyl] sulfonyl] -4 -piperidine- 
carboxamide , monohvdrochloride 



HOHN 




Part A: To a solution of the product of 

10 Example 429, Part B (1.0 g, 2.9 mmol) in N,N- 
dimethylacetamide (30 mL) were added 4- 
(trif luoromethyl) benzyl alcohol (1.53 g, 8.74 mmol) 
and cesium carbonate (2.85 g, 8.74 mmol), and the 
resulting suspension was heated at 95-100 degrees 

15 Celsius for 8 hours. The reaction mixture was then 
concentrated in vacuo. The residue was dissolved in 
ethyl acetate and washed with 1 N sodium hydroxide, 
water and brine. Concentration of the organic phase 
gave a residue that was purified by chromatography on 

20 silica gel eluting with ethyl acetate/hexane to 
afford the desired aryl ether (0.8 grams, 54%). 

Part B: To a solution of the ethyl ester 
of part A (0.8 g, 1.5 mmol) in ethanol (50 mL) and 
water (50 mL) was added sodium hydroxide (1.0 g, 25 

25 mmol) and the mixture was heated to 60 degrees 

Celsius for 16 hours. The solvents were removed in 
vacuo. Water (50 mL) was added and the mixture was 
acidified with 2 N HC1 to pH=4 . The solid 
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precipitate was collected by filtration to afford the 
desired carboxylic acid (0.75 g, 99%). 

Part C: To a solution of the carboxylic 
acid of part B (0.75 g, 1.54 mmol) in N,N- 
5 dimethyl formamide (10 mL) were added 4- 
methylmorpholine (0.47 g, 4.6 mmol), N- 
hydroxybenzotriazole (0.25 g, 1.85 mmol), and 1- [3- 
( dime t hy 1 ami no ) propyl ] - 3 - e t hy 1 c ar bod i imide 
hydrochloride (0.41 g, 2.16 mmol) followed by 0- 

10 ( tet rahydro-2H-pyran- 2 -yl) hydroxy 1 amine (0.35, 2.3 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 
a residue that was dissolved in ethyl acetate (200 
mL) and washed with water and brine. Concentration 

15 and purification by chromatography on silica gel, 
eluting with ethyl acetate/hexane, afforded the 
protected hydroxamate derivative (250 mg, 57%) . 

Part D: To a solution of the protected 
hydroxamate of part C (250 mg, 0.43 mmol) in 

20 methanol/1, 4 -dioxane (1:3, 20 mL) was added 4 N 

HCl/l,4-dioxane (5 mL) and the solution was stirred 
at ambient temperature for 3 hours. The solvent was 
then removed in vacuo. An additional portion of 
ethyl acetate was added and then removed in vacuo. 

25 Diethyl ether (100 mL) was added and the resulting 

solid was collected by filtration to afford the title 
compound (190 mg, 82%) . MS (CI) MH + calculated for 
C22H25F3N2O5S : 487, found 487. 
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Example 439: Preparation of 1-cyclopropyl-N-hydroxy- 
4- [ [4- [4- (l-methylethoxy)phenoxy] - 
phenyl] -sulfonyl] -4- 

pipeyid in ecarboxami de . monohvdrochloride 

5 




Part A: To a solution of the product of 
Example 398, Part A (2.49 g, 7.0 mmol) in N,N- 

10 dimethylacetamide (30 mL) were added 4- 

isopropoxyphenol , which may be prepared according to 
the procedure of J* . Indian Chem. Soc. 73, 1996, 507- 
511, (1.28 g, 8.4 mmol) and cesium carbonate (5.48 g, 
16.8 mmol), and the resulting suspension was heated 

15 at 60 degrees Celsius for 16 hours. The reaction 

mixture was then concentrated in vacuo. The residue 
was dissolved in ethyl acetate and washed with 1 N 
sodium hydroxide, water and brine. Concentration of 
the organic phase gave a residue which was purified 

20 by chromatography on silica gel, eluting with ethyl 

acetate/hexane, to afford the desired aryl ether (2.8 
grams, 82%) . 

Part B: To a solution of the ethyl ester 
of part A (2.8 g, 5.7 mmol) in ethanol (50 mL) and 
25 water (50 mL) was added sodium hydroxide (2.3 g, 57 
mmol) and the mixture was heated to 60 degrees 
Celsius for 16 hours. The solvents were removed in 
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vacuo. Water (50 mL) was added and the mixture was 
acidified with 2 N HCl to pH = 4. The solid 
precipitate was collected by filtration to afford the 
desired carboxylic acid (1.4 g, 53%). 
5 Part C: To a solution of the carboxylic 

acid of part B (1.4 g, 3.1 mmol) in N,N- 
dimethylformamide (15 mL) were added 4- 
methylmorpholine (0.92 g, 9.1 mmol), N- 
hydroxybenzotriazole (0.49 g, 3.66 mmol), and l-[3- 

10 (dimethyl amino) propyl] -3-ethylcarbodiimide 

hydrochloride (0.82 g, 4.26 mmol) followed by O- 
(tetrahydro-2H-pyran-2-yl)hydroxylamine (0.68 g, 4.5 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 

15 a residue that was dissolved in ethyl acetate and 
washed with water and brine. Concentration and 
purification by chromatography on silica gel, eluting 
with ethyl acetate/hexane , afforded the protected 
hydroxamate derivative which was used directly in the 

20 next step. 

Part D: To a solution of the protected 
hydroxamate from part C in methanol/1 , 4 -dioxane (1:3, 
20 mL) was added 4 N HCl /l, 4 -dioxane (10 mL) and the 
solution was stirred at ambient temperature for 3 

25 hours. The solvent was then removed in vacuo. An 
additional portion of ethyl acetate was added and 
then removed in vacuo. Diethyl ether was added and 
the resulting solid was collected by filtration to 
afford the title compound (0.3 g, 19% for parts C and 

30 D together) . Analytical calculation for 

C 24 H3oN 2 0 6 S.HCl: C, 56.41; H, 6.11; N, 5.48. Found: 
C, 56.04; H, 5.82; N, 5.44. MS (CI) MH+ calculated 
for C 2 4H 3 oN 2 0 6 S: 475, found 475. 
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Example 440: Preparation of 4- [ [4- [ [2- (4- 

chlorophenyl) -ethyl] amino] phenyl] - 
sulfonyl] - 1 -ethyl -N- hydroxy- 4- 
piperidinecarboxamide , monohydrochloride 




HCI 
"CH 3 

Part A: To a solution of the product of 

10 Example 429, Part B (l.o g, 2.91 mmol) in N,N- 
dimethylacetamide (20 mL) were added 4- 
chlorophenethylamine (0.91 g, 5.8 mmol) and cesium 
carbonate (3.80 g, 11.6 mmol), and the resulting 
suspension was heated at 90 degrees Celsius for 24 

15 hours. The reaction mixture was then concentrated in 
vacuo. The residue was dissolved in ethyl acetate 
and washed with 1 N sodium hydroxide, water and 
brine. Concentration of the organic phase gave a 
residue which was purified by chromatography on 

20 silica gel eluting with ethyl acetate/hexane to 
afford the desired aryl ether (0.8 grams, 58%). 

Part B: To a solution of the ethyl ester 
of part A (0.8 g, 1.7 mmol) in ethanol (50 mL) and 
water (50 mL) was added sodium hydroxide (1.0 g, 25 

25 mmol) , and the mixture was heated to 60 degrees 

Celsius for 16 hours. The solvents were removed in 
vacuo. Water (50 mL) was added and the mixture was 
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acidified with 2 N HC1 to pH=4. The solid 
precipitate was collected by filtration to afford the 
desired carboxylic acid (0.75 g, 92%). 

Part C: To a solution of the carboxylic 
5 acid of part B (0.75 g, 1.7 mmol) in N,N- 
dimethylformamide (2 0 mL) were added 4- 
methylmorpholine (0.51 g, 5.1 mmol), N- 
hydroxybenzotriazole (0.27 g, 2.0 mmol), and 1- [3- 
( dime thy lamino ) propyl ] - 3 - e t hy 1 carbodi imide 
10 hydrochloride (0.45 g, 2.3 mmol) followed by O- 

(tetrahydro-2H-pyran- 2 -yl) hydroxy lamine (0.37 g, 2.5 
mmol) . After stirring for 16 hours at ambient 
temperature the reaction mixture was concentrated to 
a residue which was dissolved in ethyl acetate and 
15 washed with water and brine. Concentration and 

purification by chromatography on silica gel, eluting 
with ethyl acetate/hexane, afforded the protected 
hydroxamate derivative which was used directly in the 
next step. 

20 Part D: To a solution of the protected 

hydroxamate from part C in methanol/1 , 4 -dioxane was 
added 4 N HCl/l , 4 -dioxane (10 mL) and the solution 
was stirred at ambient temperature for 3 hours. The 
solvent was then removed in vacuo. An additional 

25 portion of ethyl acetate was added and then removed 
in vacuo. Diethyl ether was added and the resulting 
solid was collected by filtration to afford the title 
compound (30 mg, 4% for parts C and D together) . 
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Example 441 Preparation of N-hydroxy-1- (2- 

methoxyethyl) -4- [ [4- [ [ [4- (trifluoro- 
methoxy) phenyl] methyl] amino] phenyl] - 
sulf onyl] -4 -piperidinecarboxamide, 
moyiohYdrpghloyide 




Part A: To a solution of ethyl-4-[(4- 

10 fluorophenyl sulf onyl) ] -1- (2-methoxyethyl) -4- 

piperidinecarboxylate (1.38g, 3.7 mmol) in N,N- 
dimethylformamide (20 mL) were added 4 - ( trif luoro- 
methyloxy) benzylamine (1.0 g, 5.2 mmol) and cesium 
carbonate (1.7 g, 5.2 mmol), and the resulting 

15 suspension was heated at 90 degrees Celsius for 24 

hours. The reaction mixture was then concentrated in 
vacuo. The residue was dissolved in ethyl acetate 
and washed with 1 N sodium hydroxide, water and 
brine. Concentration of the organic phase gave a 

20 residue that was purified by chromatography on silica 
gel, eluting with ethyl acetate/hexane, to afford the 
desired trif luoromethoxy compound (0.6 grams, 30%)-. 

Part B: To a solution of the ethyl ester 
of part A (0.6 g, 1.1 mmol) in ethanol (30 mL) , water 

25 (30 mL) and tetrahydrof uran (15 mL) was added sodium 
hydroxide (0.44 g, 11 mmol), and the mixture was 
heated to 60 degrees Celsius for 16 hours. The 
solvents were removed in vacuo. Water (50 mL) was 
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added and the mixture was acidified with 2 N HC1 to 
pH=4. The solid precipitate was collected by 
filtration to afford the desired carboxylic acid (0.5 
g, 88%) . 

5 Part C: To a solution of the carboxylic 

acid of part B (0.50 g, 0.98 mmol) in N,N- 
dimethylformamide (10 mL) were added 4- 
methylmorpholine (0.15 g, 1.5 mmol), N- 
hydroxybenzotriazole (0.16 g, 1.2 mmol), and 1- [3- 

10 (dimethylamino) propyl] -3 -ethylcarbodiimide 

hydrochloride (0.27 g, 1.4 mmol) followed by O- 
(tetrahydro-2H-pyran-2-yl)hydroxylamine (0.22 g, 1.5 
mmol) . After stirring for 16 hours at ambient 
temperature, the reaction mixture was concentrated to 

15 a residue that was dissolved in ethyl acetate and 
washed with water and brine. Concentration and 
purification by chromatography on silica gel, eluting 
with ethyl acetate/hexane, afforded the protected 
hydroxamate derivative (110 mg, 18%) . 

20 Part D: To a solution of the protected 

hydroxamate from part C (110 mg, 0.18 mmol) in 
methanol/l,4-dioxane (1:4, 2 0 mL) was added 4 N 
HCl/l,4-dioxane (7 mL) and the solution was stirred 
at ambient temperature for 3 hours. The solvent was 

25 then removed in vacuo. An additional portion of 

methanol (20 mL) was added and then removed in vacuo. 
Diethyl ether was added and the resulting solid was 
collected by filtration to afford the title compound 
(30 mg, 31%) . MS (ESI) MH + calculated for 

30 C 23 H 2 qF 3 N30 6 S: 532, found 532. 
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Example 442: Preparation of N-hydroxy-4- [ [4- [4- (1- 
methylethoxy) phenoxy] phenyl] sulf onyl] - 
1- (2-methoxyethyl) -4- 
piperidinecarboxamide , 
monohvdrochloride 



HOHN 




Part A: To a solution of ethyl-4-[(4- 

10 fluorophenyl- sulf onyl) ] -1- (2-methoxyethyl) -4- 
piperidinecarboxylate (2.0 g, 5.4 mmol) in N,N- 
dimethylformamide (20 mL) were added 4- 
isopropoxyphenol, which can be prepared according to 
the procedure of J*. Jndian Chem. Soc. 72, 1996, 507- 

15 511 f (1.63 g, 10.7 mmol) and cesium carbonate (7 g, 
21.5 mmol), and the resulting suspension was heated 
at 60 degrees Celsius for 16 hours. The reaction 
mixture was then concentrated in vacuo. The residue 
was dissolved in ethyl acetate and washed with 1 N 

20 sodium hydroxide, water and brine and dried over 
magnesium sulfate. Concentration of the organic 
phase gave a residue that was purified by 
chromatography on silica gel, eluting with ethyl 
acetate/hexane, to afford the desired aryl ether 

25 (1.37 grams, 50%) . 

Part B: To a solution of the ethyl ester 
of part A (1.37 g, 2.7 mmol) in ethanol (30 mL) and 
water (30 mL) was added sodium hydroxide (1.08 g, 27 
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mmol) , and the mixture was heated to 65 degrees 
Celsius for 16 hours. The solvents were then removed 
in vacuo. Water (50 mL) was added and the mixture 
was again concentrated in vacuo and the resulting 
5 mixture was acidified with 2 N HCl to pH = 4-5. The 
solid precipitate was collected by filtration and 
rinsed with diethyl ether to afford the desired 
carboxylic acid (1.25 g, 100%). 

Part C: To a suspension of the carboxylic 

10 acid of part B (1.25 g, 2.7 mmol) in N,N- 
dimethylformamide (15 mL) were added 4- 
methylmorpholine (0.82 g, 8.1 mmol), 0- (tetrahydro- 
2H-pyran-2-yl)hydroxylamine (0.61, 4.1 mmol) followed 
by bromo - 1 r i s - pyrro 1 idino - phosphonium 

15 hexafluorophosphate (PyBroP, 1.51 g, 3.3 mmol). 

After stirring for 16 hours at ambient temperature, 
the reaction mixture was concentrated to a residue 
that was dissolved in ethyl acetate and washed with 
water and brine Concentration and purification by 

20 chromatography on silica, gel e luting with ethyl 
acetate/hexane , afforded the protected hydroxamate 
derivative (1.0 g, 63%). 

Part D: Hydrogen chloride gas was bubbled 
for 5 minutes through an ice bath- cooled solution of 

25 the protected hydroxamate of part C (1.0 g, 1.7 mmol) 
in ethyl acetate (20 mL) . After stirring at ambient 
temperature for 5 hours, the solvent was removed in 
vacuo. Ethyl acetate (3 0 mL) was added and then 
removed in vacuo. Ethyl acetate (30 mL) was again 

30 added and the resulting solid was collected by 

filtration to afford the title compound (0.5 g, 56%). 
Analytical calculation for C 2 4H32N 2 0 7 S , HC1-1 . 5H 2 0 : C, 
51.84; H, 6.53; N, 5.04; Cl , 6.38; S, 5.77. Found: 
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C, 51.87; H, 6.12; N, 4.92; Cl, 6.38; S, 5.84. MS MH + 
calculated for C24H32N2O7S: 4 93, found 493. 

Example 443: Preparation of N-Hydroxy-1- (2- 
5 pyridinylmethyl) -4- [4- (4-trif luoro- 

methoxyphenoxy) phenyl] sulfonyl] -4- 
pipeyidi,^c^rbP3Hmi,de , difrydrpcfrl pride* 



10 




Part A: The aryl flouride from Example 9, 
Part D (6.22 g, 15 mmol) was combined with powdered 
potassium carbonate (3.04 g, 22 mmol) , 4- 

15 (trifluoromethoxy) phenol (3.92 g, 322 mmol), and N,N- 
dimethylforamide (7 mL) , and the mixture was stirred 
at ninety degrees Celcius for sixteen hours. 
Additional 4 - (trifluoromethoxy) -phenol (1 g) and 
potassium carbonate (8 00 mg) were added and the 

20 reaction was continued at one hundred and fifteen 
degrees Celsius for twenty additional hours. The 
mixture was diluted with water (100 mL) and extracted 
with ethyl acetate (100 mL, then 2 X 25 mL) . The 
combined organic layers were dried using magnesium- 

25 sulfate, concentrated, and chromatographed, affording 
the desired aryl ether as an oil (9.6 g, about 
quantitative) . 

Part B: The aryl ether from part A (9.6 g, 
about 15 mmol) was dissolved in ethyl acetate (45 
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mL) . A solution of HC1 in dioxane (4N, 12 mL) was 
added, and the mixture was stirred at ambient 
temperature for three hours. Thin layer 
chromatography indicated incomplete deprotection. 
5 Concentrated aqueous HC1 (4 mL) was added and the 

reaction was heated to reflux with a heat gun several 
times. The solution was concentrated and was then 
azeotroped with acetonitrile to afford the desired 
piperidine hydrochloride salt as a foam (9.6 g) . 

10 Nuclear magnetic resonance spectroscopy indicated 

some contaminating 4- (trif luoromethoxy) phenol, which 
must have been carried through from part A. 

The piperidine hydrochloride salt (6.0 g) 
was dissolved in ethyl acetate (125 mL) and washed 

15 with aqueous sodium hydroxide (2 g NaOH in 50 mL 

water) . The organic layer was dried with, magnesium 
sulfate and filtered through a pad of silica gel. 
The phenol contaminant was eluted. The desired 
piperidine was then freed from the filter cake by 

20 elution with methanol containing 1% aqueous ammonium 
hydroxide (circa 100 mL) . The filtrate was 
concentrated and azeotroped with acetonitrile to 
yield 3.3 g (7.3 mmol) . 

Part C: The piperidine from Part B (1.24 g, 

25 2.7 mmol) was combined with powdered potassium 

carbonate (828 mg, 6.0 mmol), 2-picolyl hydrochloride 
(492 mg, 3.0 mmol), and N,N-dimethylformamide (3 mL) , 
and the mixture was stirred at ambient temperature 
for two hours, then heated at fifty degrees Celsius 

30 for two additional hours. The mixture was diluted 
with water (4 0 mL) and extracted with ethyl acetate 
(150 mL, then 50 mL) . The combined organic layers 
were dried using magnesium sulfate, concentrated, and 
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chromatographed, affording the desired ester as an 
oil (1.13 g, 74%) . 

Part D: The ester from part C (1.1 g, 2.0 
mmol) was combined with ethanol (6 mL) , water (2 mL) , 
5 and potassium hydroxide (0.90 g, 16 mmol). The 

mixture was brought to reflux and heated for four and 
one-half hours. The solution was then cooled to zero 
degrees Celsius and acidified using concentrated 
aqueous hydrogen chloride. The solvent was removed, 

10 and the resulting solids were dried by azeotroping 
with acetonitrile. A vacuum was applied until 
constant weight was achieved. 

The crude acid hydrochloride salt was 
stirred with N-methylmorpholine (about 0.5 mL) f 1- 

15 hydroxybenzotriazole (0.405 g, 3 mmol), O- 

tetrahydropyranyl hydroxylamine (0.35 g, 3.0 mmol), 
and N,N-dimethyformamide (9 mL) . After ten minutes, 
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (0.57 g, 3.0 mmol) was added, and the 

20 mixture was stirred overnight. The reaction was then 
diluted with half -saturated aqueous sodium 
bicarbonate (50 mL) , and extracted with ethyl acetate 
(100 mL, then 25 mL) . The combined organic layers 
were dried over magnesium sulfate, concentrated, and 

25 chromatographed (9:1 ethyl acetate: methanol) to 
afford the desired tetrahydropyranyl -protected 
hydroxamate as a yellow oil (1.20 g, 95%). 

Part E: The tetrahydropyranyl -protected 
hydroxamate (1.20 g, 1.90 mmol) was. diluted with 

30 methanol (9 mL) . Acetyl chloride (0.78 mL, 11 mmol) 
was added over two minutes. The reaction was stirred 
for 2 hours at ambient temperature, then concentrated 
to afford the desired dihydrochloride salt (1.20 g, 
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quantitative yield) as a white crystalline solid. 
Anaytical calculation for C 2 5H24F3N 3 0 6 S.2HC1 . 1/3 H 2 0: C, 
47.58; K, 4.07; N, 6.66. Found: C, 47.31; H, 4.14; N, 
6.80. 

5 

Example 444: Xn Vitro Metal loprotease Inhibition 

The compounds prepared in the manner 
described in the Examples above were assayed for 
activity by an in vitro assay. Following the 

10 procedures of Knight et al., FEBS Lett. 296 (3) :263 
(1992) . Briefly, 4-aminophenylmercuric acetate 
(APMA) or trypsin- activated MMPs were incubated with 
various concentrations of the inhibitor compound at 
room temperature for 5 minutes. 

15 More specifically, recombinant human 

MMP-13, MMP-1, MMP-2 and MMP-9 enzymes were prepared 
in laboratories of the assignee following usual 
laboratory procedures. MMP-13 from a full length 
cDNA clone was expressed as a proenzyme using a 

20 baculovirus as discussed in V.A. Luckow, Insect Cell 
Expression Technology, pages 183-218, in Protein 
Engineering: Principles a nd Practice . J.L.Cleland et 
al eds., Wiley-Liss, Inc., (1996). See, also, Luckow 
et al., J. Virol., 67:4566-4579 (1993); O'Reilly et 

25 al., Baculpyirug Expression Vectors: A Laboratory 
Manual, W.H. Freeman and Company, New York, (1992) ; 
and King et al., The Baculovirus Expression System: A 
Lfrbpratpyy Guide, Chapman & Hall, London (1992) for 
further details on use of baculovirus expression 

30 systems. The expressed enzyme was purified first 
over a heparin agarose column and then over a 
chelating zinc chloride column. The proenzyme was 
activated by APMA for use in the assay. 
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MMP-1 expressed in transfected HT-1080 
cells was provided by Dr. Harold Welgus of Washington 
University, St. Louis, MO. The enzyme was also 
activated using APMA and was then purified over a 
5 hydroxamic acid column. Dr. Welgus also provided 
transfected HT-1080 cells that expressed MMP-9. 
Transfected cells that expressed MMP-2 were provided 
by Dr. Gregory Goldberg, also of Washington 
University. Studies carried out using MMP-2 in the 

10 presence of 0.02% 2-mercaptoethanol are shown in the 
table below with an asterisk. Further specifics for 
preparation and use of these enzymes can be found in 
the scientific literature describing these enzymes. 
See, for example, Enzyme Nomenclature. Academic 

15 Press, San Diego, Ca (1992) and the citations 

therein, and Frije et al . , J. Biol, chem. , 26 (24 ) : 
16766-16773 (1994) . The enzyme substrate is a 
methoxycoumarin- containing polypeptide having the 
following sequence: 

2 0 MCA-ProLeuGlyLeuDpaAlaArgNH 2 , wherein MCA 

is methoxycoumarin and Dpa is 3 - (2 , 4-dinitrophenyl) - 
L-2, 3-diaminopropionyl alanine. This substrate is 
commercially available from Baychem as product 
M-1895. 

25 The buffer used for assays contained 100 mM 

Tris-HCl, 100 mM NaCl, 10 mM CaCl 2 and 0.05 percent 
polyethyleneglycol (23) lauryl ether at a pH value of 
7.5. Assays were carried out at room temperature, 
and dimethyl sulfoxide (DMSO) at a final 

3 0 concentration of 1 percent was used to dissolve 

inhibitor compound. 
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The assayed inhibitor compound in 
DMSO/buffer solution was compared to an equal amount 
of DMSO/buffer with no inhibitor as control using 
Microf luor™ White Plates (Dynatech) . The inhibitor 
5 or control solution was maintained in the plate for 
10 minutes and the substrate was added to provide a 
final concentration of 4 fiM. 

In the absence of inhibitor activity, a 
fluorogenic peptide was cleaved at the gly-leu 

10 peptide bond, separating the highly fluorogenic 

peptide from a 2 , 4-dinitrophenyl quencher, resulting 
in an increase of fluorescence intensity (excitation 
at 328 nm/emission at 415 nm) . Inhibition was 
measured as a reduction in fluorescent intensity as a 

15 function of inhibitor concentration, using a Perkin 
Elmer L550 plate reader. The IC50 values were 
calculated from those values. The results are set 
forth in the Inhibition Tables A and B below, 
reported in terms of IC 50 to three significant 

20 figures, where appropriate. 



Inhibition Table A (nM) 



Example 


MMP-13 


MMP-2 


MMP-1 


MMP-9 


Number 


IC 50 (nM) 


IC 50 (nM) 


IC 50 (nM) 


IC 50 (nM) 


1 


5.1 


2.6 


6600 


31.6 


2 


0.25 


0.1 


220 


1.4 


3 


0.3 


0.2 


1140 




4 


0.35 


0.23 


1090 


5 


5 


4800 


1800 


>10000 




6 


0.25 


0.15 


327 




7 


37.2 


1.8 


>10000 


235 
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8 


24.1 


4 


>10000 


290 


9 


0.5 


0.2 


9000 


1.5 


10 


0.4 


0.2 


1600 


0.3 


11 


6 


4.4 


>10000 




12 


<0.1 


<0.1 


464 




13 


0.6 


0.4 


>10000 


8 


14 


0.1 


<0.1 


464 




15 


0.4 


0.2 


3600 


0.2 


16 


2.4 


100 


>10000 


2500 


17 


0.3 


0.2 


400 


0.3 


18 


0.5 


0.3 


800 




19 


9 


13.9 


>10000 




20 


1.7 


23.5 


10000 




21 


0.6 


1.3 


>10000 




22 


1.2 


0.9 


>10000 




23 


0.2 


<0.1 


2275 




24 


0.4 


1 


>10000 


3.7 


25 


3 


2.6 


>10000 




26 


0.5 


0.2 


7700 


7 


27 


0.45 


0.4 


>10000 


4 


28 


<0.1 


<0.1 


770 




29 


0.3 


0.15 


>10,000 





Inhibition Table B (nM) 



Example 


MMP-1 


MMP-2 


MMP-9 


MMP-13 


Number 


IC 50 (nM) 


IC 50 (nM) 


IC 50 (nM) 


IC 50 (nM) 


30 


350 


0.1 


0.3 


0.1 


31 


370 


<0.1 




0.2 


32 


>10000 


0.1 


2.5 


0.2 


33 


>10000 


0.5 


9.4 


0.8 
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34 


>10000 


1.1 


1.2 


35 


>10000 


0.3 3 


0.5 


36 


7300 


0.4 8 


0.6 


37 


1000 


0.2 


0.3 


38 


>10000 


20 135 


22 


39 


>10000 


230 


24.5 


40 


4400 


0.4 2.4 


1.9 


41 


1200 


0.15 


0.2 


42 


2200 


0.2 1.3 


0.4 


43 


7000 


0.4 


0.8 


44a 


>10000 


<0.1 


0.2 


44b 


>10000 


8000 


>10000 


45 


8800 


2.5 


1.7 


46 


710000 


— — 


710000 


47a 


>10000 


7 


14.6 


47b 


>10000 


3000 


3100 


48 


210 


0.2 


0.25 


49 


>10000 


76.9 


90.0 


51 


5500 


0.7 


1.3 


52 


>10000 


2.7 


5.9 


53 


>10000 


0.3 92 


1.5 


54 


>10000 


60 


120 


55 


1200 


0.1 


0.3 


56 


1500 


<0.1 


0.15 


57 


1200 


<0.1 


0.2 


58 


>10000 


83 


30 


59 


>10000 


130 


180 


60 


>10000 


64 


147 


61 


>10000 


1500 


2000 


62 


>10000 


>10000 


>10000 


63 


>10000 


18.1 530 


1.5 


64 


1470 


<0.1 


0.15 
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65 


8000 


0.6 


4.4 


0.7 


66 


>10000 


4590 




36000 


67 


1600 


239 




268 


68 


>10000 


5.3 


130 


6 


69 


1140 


<0.1 


0.2 


<0.1 


70 


1500 


0.2 


7.3 


0.8 


71 


3600 


0.35 


5 


0.8 


72 


2100 


<0.1 




0.3 


73 


1140 


<0.1 


0.2 


<0.1 


74 


>10000 


130 




480 


75 


>10000 


60 




900 


78 


>10000 


6 


50 


10 


79 


>10000 


1 




1.7 


80 


3000 


0.1 


1.8 


0.2 


81 


3300 


0.1 




0.3 


82 


4000 


0.1 




0.3 


83 


8000 


1.2 


5 


1.5 


84 


8000 


1.8 




2.5 


85 


500 


<0.1 


0.4 


<0. 1 


86 


>10000 


2.5 




3.5 


87 


7200 


0.8 


13.9 


0.35 


88 


1100 


0.2 


0.5 


0.2 


89 


1200 


0.15 


0.4 


0.25 


90 


1200 


0.1 




0.1 


91 


1800 


1.5 


40 


2.1 


92 


>10000 


1800 




2430 


93 


8000 


0.4 


3.5 


0.7 


94 


268 


<0.1 


0.4 


<0.1 


95 


>10000 


1 


3.6 


0.5 


96 


5000 


0.2 


1.3 


0.3 


97 


4000 


8.2 




16.7 


98 


>10000 


37 




23.4 
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99 


>10000 


0.4 




1 


100 


435 


<0.1 


0.3 


0.15 


101 


1800 


0.3 


2.9 


0.45 


102 


2000 


<0.1 




0.2 


103 


>10000 


0.8 


10 


0.7 


104 


>10000 


1.5 


42.8 


0.65 


105 


>10000 


3500 


114 


0.85 


106 


>10000 


27.1 




12.1 


107 


>10000 


12.1 




6 


108 


2000 


0.4 




0.4 


109 


500 


0.1 


0.7 


0.3 


110 


2700 


0.4 


10 


0.5 


111 


3700 


0.5 




1.3 


112 


1000 


7 




3.2 


113 


>10000 


0.9 




4 


114 


3000 


0.65 


31.6 


0.4 


115 


4500 


0.3 


31.6 


0.6 


116 


2350 


2 


15.3 


5.5 


117 


3700 


0.6 


45.4 


4.8 


118 


2850 


0.3 


50 


0.8 


119 


>10000 


1.5 


30 


1.7 


120 


4000 


0.4 




0.4 


121 


1200 


<0.1 




0.2 


122 


600 


0.1 




0.15 


123 


3600 


1.8 


27.8 


1.8 


124 


1000 


0.5 




1.1 


125 


>10000 


0.4 


7 


0.5 


126 


8000 


11.3 




10 


127 


>10000 


37 




40 


128 


>10000 


23.8 




20 


129 


>10000 


>100 




1000 


130 


>10000 


57.7 




45.9 



SUBSTITUTE SHEET (RULE 26) 



WO 99/25687 



PCT/US98/23242 



-718- 



131 


>10000 


650 


10 


132 


>10000 


420 




133 


>10000 


90 


27 


134 


9000 


29 


4 


135 


>10000 


500 


65 


136 


>10000 


445 


40 


137 


>10000 


300 


34.7 


138 


>10000 


>100 


>100 


139 


>10000 


1000 


25.4 


140 


>10000 


1000 


60 


141 


>10000 


>100 


>100 


142 


>10000 


600 


70 


143 


>10000 


900 


23.9 


144 


>10000 


800 


30.7 


145 


>10000 


>100 


>100 


146 


>10000 


650 


32.6 


147 


>10000 


2700 


31 


148 


>10000 


2400 


31 


149 


>10000 


1600 


15.5 


150 


>10000 


1300 


14 .5 


151 


>10000 


1500 


35 


152 


>10000 


2400 


16.5 


153 


>10000 


2700 


13 .5 


154 


>10000 


1600 


27 


155 


>10000 


>1000 


>100 


156 


>10000 


3300 


27.8 


157 


>10000 


6000 


90 


158 


>10000 


5000 


80 


159 


>10000 


2500 


15.6 


160 


>10000 


4700 


33.7 


161 


>10000 


>1000 


>100 


162 


>10000 


>1000 


>100 
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163 


>10000 


4000 


77.4 


164 


>10000 


1750 


20 


165 


>10000 


330 


13.6 


166 


>10000 


>1000 


>100 


167 


>10000 


>1000 


>100 


168 


>10000 


>1000 


>100 


169 


10000 


>1000 


>100 


170 


10000 


>1000 


>100 


171 


>10000 


>1000 


>100 


172 


>10000 


>1000 


>100 


173 


>10000 


>1000 


>100 


174 


8000 


900 


>100 


175 


10000 


>1000 


>100 


176 


>10000 


400 


25 


177 


>10000 


400 


21 


178 


>10000 


540 


>100 


179 


>10000 


440 


100 


180 


5000 


128 


4 


181 


10000 


121 


6.1 


182 


>10000 


240 


4 


183 


>10000 


288 


40 


184 


>10000 


94 


7 


185 


>10000 


210 


17.5 


186 


>10000 


120 


10 


187 


>10000 


290 


12 .1 


188 


>10000 


350 


9.4 


189 


3700 


94 


8 


190 


>10000 


220 


10.6 


191 


>10000 


350 


4 


192 


>10000 


330 


10 


193 


>10000 


390 


6 


194 


10000 


165 


8 
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195 


10000 


100 


14 . 5 


196 


>10000 


240 


25 


197 


7000 


145 


ft 


198 


>10000 


270 


14 5 

X"X • J 


199 


>10000 


155 


1 4 

X • "X 


200 


>10000 


24 


17 5 


201 


>10000 


22 . 4 


17 £ 


202 


>10000 


54 


Q 1 t; 


203 


8500 


31 


o u 


204 


>10000 


95 


9 *7 1 


205 


7300 


19 7 

X • / 




206 


•^•L Vw vV/ 


vi n n 


9 n 


207 


>10000 

^ -L V \J \J \S 


10 

o V • o 


9 Q 
ZO 


208 


>10000 

^ J. w U w W 


97 


9 *7 


209 


>10000 




9 n 


210 


>10000 


27 


9 n 


211 


>10000 

^ X V/ U W V/ 




9 A 
Z^ 


212 


>10000 




9 n 


213 


310 


<1 0 


^1 n 
<x • u 


214 


1100 


<1 . 0 


*r i n 


215 


250 


<1 . 0 


^i n 


216 


1000 


<1 


<rl 0 

v. X • \J 


217 


600 


<1 . 0 


<rl 0 


218 


>10000 


<1 . 0 


X • \J 


219 


>10000 


<1 . 0 


<r 1 0 


220 


145 


<1 . 0 


<r1 n 
^ x • u 


9 91 


xo UU 


<1 . 0 


<1 . 0 


222 


100 


<1.0 


<1.0 


223 


1100 


<1.0 


<1.0 


224 


>10000 


18.1 


16.7 


225 


>10000 


54 


70 


226 


>10000 


18.6 


6 
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^i noon 


<1 


<1 


228 


600 


<1.0 


<1.0 


229 


>10000 


<1 


<1 


230 


>10000 


>100 


>100 


231 


650 


<1.0 


<1.0 


232 


<100 


<1.0 


<1.0 



Example 445: In Vivo Angiogene sis Assay 

The study of angiogenesis depends on a 
5 reliable and reproducible model for the stimulation 
and inhibition of a neovascular response. The 
corneal micropocket assay provides such a model of 
angiogenesis in the cornea of a mouse. See, A Model 
of Angiogenesis in the Mouse Cornea; Kenyon,BM, 
10 et al., Investigative Ophthalmology & Visual Science, 
July 1996, Vol. 37, No. 8. 

In this assay, uniformLy sized Hydron™ 
pellets containing bFGF and sucralfate were prepared 
and surgically implanted into the stroma mouse cornea 

15 adjacent to the temporal limbus. The pellets were 

formed by making a suspension of 20 sterile saline 
containing 10 ixg recombinant bFGF, 10 mg of 
sucralfate and 10 \iL of 12 percent Hydron™ in 
ethanol. The slurry was then deposited on a 10 x 10 

20 mm piece of sterile nylon mesh. After drying, the 
nylon fibers of the mesh were separated to release 
the pellets. 

The corneal pocket is made by anesthetizing 
a 7 week old C57B1/6 female mouse, then proptosing 

25 the eye with a jeweler's forceps. Using a dissecting 
microscope, a central, intrastromal linear keratotomy 
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of approximately 0.6 nun in length is performed with a 
#15 surgical blade, parallel to the insertion of the 
lateral rectus muscle. Using a modified cataract 
knife, a lamellar micropocket is dissected toward the 
5 temporal limbus. The pocket is extended to within 1.0 
mm of the temporal limbus. A single pellet was 
placed on the corneal surface at the base of the 
pocket with a jeweler's forceps. The pellet was then 
advanced to the temporal end of the pocket. 

10 Antibiotic ointment was then applied to the eye. 

Mice were dosed on a daily basis for the 
duration of the assay. Dosing of the animals was 
based on bioavailability and overall potency of the 
compound, an exemplary dose was 10 or 50 mg/kg (mpk) 

15 bid, po. Neovascularization of the corneal stroma 
begins at about day three and was permitted to 
continue under the influence of the assayed compound 
until day five. At day five, the degree of 
angiogenic inhibition was scored by viewing the 

20 neovascular progression with a slit lamp microscope. 

The mice were anesthetized and the studied 
eye was once again proptosed. The maximum vessel 
length of neovascularization, extending from the 
limbal vascular plexus toward the pellet was 

25 measured. In addition, the contiguous 

circumferential zone of neovascularization was 
measured as clock hours, where 30 degrees of arc 
equals one clock hour. The area of angiogenesis was 
calculated as follows. 

30 

(0.4 x clock hours x3.14x vessel length (in mm)) 
area — — — — — : LL 

2 
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Five to six mice were utilized for each 
compound in each study. The studied mice were 
5 thereafter compared to control mice and the 

difference in the area of neovascularization was 
recorded as an averaged value. Each group of mice so 
studied constitutes an "n" value of one, so that "n" 
values greater than one represent multiple studies 
10 whose averaged result is provided in the table. A 
contemplated compound typically exhibits about 25 to 
about 75 percent inhibition, whereas the vehicle 
control exhibits zero percent inhibition. 

Data for four compounds of the above 
15 examples are provided below at dosages of 10 and 50 
mpk. 



20 



Example 



Inhibition nf Anaioaenesis 



Dosaae 



10 



50 mpk 



Marimastat 
25 4 
9 
10 
24 



18 (n=3) 

50 (n=2) 

47 (n=l) 

53 (n=l) 



48 (n=6) 

41 (n=6) 

46 (n=3) 

54 (n=2) 

78 (n=l) 



30 



Example 446: In Vivo PC -3 Tumor Reduction 

PC-3 human pancreatic cancer eclls (ATCC 
CRL 1435) were grown to 90% confluence in F12/MEM 
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(Gibco) containing 7% FBS (Gibco) . Cells were 
mechanically harvested using a rubber scraper, and 
then washed twice with cold medium. The resulting 
cells were resuspended in cold medium with 3 0% 
5 matrigel (Collaborative Research) and the cell- 

containing medium was maintained on ice until used. 

Balb/c nu/nu mice at 7-9 weeks of age were 
anesthetized with avertin [2 , 2 , 2-tribromethanol/t- 
amyl alcohol (1 g/l mL) diluted 1:60 into phosphate- 

10 buffered sline] and 3-5xl0 6 of the above cells in 0.2 
mL of medium were injected into the left flank of 
each mouse. Cells were injected in the morning, 
whereas dosing with an inhibitor began at 6 PM. The 
animals were gavaged BID from day zero (cell 

15 injection day) to day 25-30 , at which time the 
animals were euthanized and tumors weighed. 

Compounds were dosed at 10 mg/mL in 0.5% 
methylcellulose/0.1% polysorbate 80 to provide a 50 
mg/kg (mpk) dose twice each day, or diluted to 

2 0 provide a 10 mg/kg (mpk) dose twice each day. Tumor 
measurements began on day 7 and continued every third 
or fourth day until completion of the study. Groups 
of ten mice were used in each study and nine to ten 
survived. Each group of mice so studied constitutes 

25 an "n" value of one, so that "n" values greater than 
one represent multiple studies whose averaged result 
is provided in the table. The results of this study 
for several of the before discussed compounds are 
shown below as average reductions in tumor weight. 
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10 



Average Percentage Reduction 
In Tumor Weight 



Example IQ mpk 50 mpk 

Marimastat <5 3 9 (n=2) 

4 33 (n=2) 43 (n=2) 

9 40 (n=l) 60 (n=l) 

10 nt 59 (n=l) 

Example 447: Tumor Necrosis F actor Assays 
Cell Culture. 

15 The cells used in the assay are the human 

moncytic line U-937 (ATCC CRL-1593) . The cells are 
grown in RPMI w/10% FCS and PSG supplement (R-10) and 
are not permitted to overgrow. The assay is carried 
out as follows: 

20 

1. Count, then harvest cells by 
centrifugation. Resuspend the pellet in R-10 

supplement to a concentration of 1.540 x 10 6 
cells/mL. 

25 2. Add test compound in 65 uL R-10 to the 

appropriate wells of a 96 -well flat bottom tissue 
culture plate. The initial dilution from a DMSO 
stock (100 mM compound) provides a 400 uM solution, 
from which five additional three-fold serial 

3 0 dilutions are made. Each dilution of 65 ul (in 

triplicate) yields final compound test concentrations 
of 100 |iM, 33.3 |iM, 11.1 |iM, 3.7 ^M, 1.2 |XM and 0.4 
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3. The counted, washed and resuspended 
cells (200,000 cells/well) in 130 ^iL are added to the 
wells . 

4. Incubation is for 45 minutes to one 

5 hour at 37°C in 5% C02 in a water saturated container. 

5. R-10 (65 uL) containing 160 ng/mL PMA 
(Sigma) is added to each well. 

6. The test system is incubated at 37°C in 
5% C02 overnight (18-20 hours) under 100% humidity. 

10 7. Supernatant, 150 \ih, is carefully 

removed from each well for use in the ELISA assay. 

8. For toxicity, a 50 \ih aliquot of working 
solution containg 5 mL R-10, 5 mL MTS solution 
[CellTiter 96 AQueous One Solution Cell Proliferation 

15 Assay Cat . #G358/0 , 1 (Promega Biotech)] and 250 ul PMS 
solution are added to each well containing the 
remaining supernatant and cells and the cells 
incubated at 37°C in 5% C0 2 until the color develops. 
The system is excited at 570 nm and read at 63 0 nm. 

20 

TNF Receptor II ELISA Assay 

1. Plate 100 jiL/well 2 ug/mL mouse anti- 
human TNFrll antibody (R&D Systems #MAB226) in 1 x 
PBS (pH 7.1, Gibco) on NUNC-Immuno Maxisorb plate. 

25 Incubate the plate at 4°C overnight (about 18-20 
hours) . 

2. Wash the plate with PBS-Tween (1 x PBS 
w/ 0.05% Tween) . 

3. Add 2 00 5% BSA in PBS and block at 
30 37°C in a water saturated atmosphere for 2 hours. 

4. Wash the plate with PBS-Tween. 
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5. Add sample and controls (100 ul of each) 
to each well. The standards are 0, 50, 100 , 200, 300 
and 500 pg recombinant human TNFrll (R&D Systems 
#226-B2) in 100 0.5% BSA in PBS. The assay is 

5 linear to between 400-500 pg of standard. 

6. Incubate at 37°C in a saturated 
atmosphere for 1.5 hours. 

7. Wash the plate with PBS-Tween. 

8. Add 100 jiL goat anti-human TNFrll 

10 polyclonal (1.5 fig/mL R&D Systems #AB226-PB in 0.5% 
BSA in PBS) . 

9. Incubate at 37°C in a saturated 
atmosphere for 1 hour. 

10. Wash the plate with PBS-Tween. 

15 11. Add 100 nL anti-goat IgG-peroxidase 

(1:50,000 in 0.5% BSA in PBS, Sigma #A5420) . 

11. Incubate at 37°C in a saturated 
atmosphere for 1 hour . 

12. Wash the plate with PBS-Tween. 

20 13. Add 10 ^iL KPL TMB developer, develop at 

room temperature (usually about 10 minutes) , then 
terminate with phosphoric acid and excite at 450 nm 
and read at 570 nm. 



2 5 TNFa EL ISA Assay 

Coat Immulon® 2 plates with 0.1 mL/well of 
lug/mL Genzyme mAb in 0 . 1 M NaHC03 pH 8.0 buffer 
overnight (about 18-20 hours) at 4°C, wrapped tightly 
in Saran® wrap. 
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Flick out coating solution and block plates 
with 0.3 mL/well blocking buffer overnight at 4°C, 
wrapped in Saran® wrap. 

Wash wells thoroughly 4X with wash buffer 
5 and completely remove all wash buffer. Add 0.1 
mL/well of either samples or rhTNFa standards. 
Dilute samples if necessary in appropriate diluant 
(e.g. tissue culture medium) . Dilute standard in 
same diluant. Standards and samples should be in 
10 triplicates. 

Incubate at 37°C for 1 hour in humified 

container. 

Wash plates as above. Add 0.1 mL/well of 
1:200 dilution of Genzyme rabbit anti-hTNF . 
15 Repeat incubation. 

Repeat wash. Add 0.1 mL/well of 1 ng/mL 
Jackson goat anti-rabbit IgG (H+L) -peroxidase. 
Incubate at 3 7°C for 3 0 minutes. 
Repeat wash. Add 0.1 mL/well of peroxide - 
20 ABTS solution. 

Incubate at room temperature for 5-20 

minutes . 

Read OD at 405 nm. 

25 12 Reagents are: 

Genzyme mouse ant i -human TNF? monoclonal 
(Cat.# 80-3399-01) 

Genzyme rabbit ant i -human TNF? polyclonal 
(Cat.#IP-300) 

30 Genzyme recombinant human TNF? (Cat . #TNF-H) . 

Jackson Immunoresearch peroxide -conjugated 
goat anti-rabbit IgG (H+L) (Cat . #111-035-144) . 
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Kirkegaard/Perry peroxide ABTS solution 
(Cat#50-66-01) . 

Immulon 2 96-well microtiter plates. 
Blocking solution is 1 mg/mL gelatin in PBS 
5 with IX thimerasol . 

Wash buffer is 0.5 mL Tween® 20 in 1 liter 

of PBS. 
Results: 

10 



Example 


MTS 


TNFRII 


TNFa 


Number 








Toxicity 


Release 


Release 




TD 50 in 


ICso in 


IC S0 in 




micromolar 


micromolar 


micromolar 


DMSO 


>100 


>100 


>100 


4 


>100 


>100 


>50 


6 


>100 


>100 


>50 


9 


>100 


>100 


>50 


10 


>100 


>100 


>50 


13 


>100 


>100 


>50 


27 


100 


>100 


>80 


35 


>100 


>100 


>80 


69 


100 


>100 


>80 


95 


>100 


>100 


>50 


379 


80 


>100 


80 



Example 448: Pharmacokinetic (PK) -evaluation of MMP 
inhibitors in rata 

Under metofane anesthesia, the femoral 
artery (all 8 rats) and femoral vein (only 4 of 8 
rats) are isolated and canulated with PE50 tubing and 
secured with 3.0 silk suture. The following 
determinations require two catheters, with the venous 
line being used for infusion of compound (in the 
group of rats that receives compound via the 
intraveneous (IV) route.), and the arterial line being 
used for collection of blood samples. The rats are 



15 



20 
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then placed in restraining cages that permit minimal 
movement and allowed to recover from anesthesia for 
approximately 3 0 minutes. At time 0 (prior to 
dosing) , blood samples (400 \xh) are collected from 
5 arterial cannula. 

One group of rats (4 rats per group) 
receives compound via the oral route at a dosing 
volume of 2 mL/kg (lOmg/mL, dissolved in 0.5% 
methylcellulose, 0.1% Tween® 20), while the other 

10 group of rats receives compound via the intravenous 
cannula, at a dosing volume of 2 ml /kg (10 mg/mL f 
dissolved in 10% EtOH, 50% PEG 400, 40% saline). The 
blood samples are collected from the arterial cannula 
at 15, 30, 60, 120, 240, and 360 minutes from the 

15 oral group with an additional 3 minute sample being 
collected from IV group. After each sample, the 
cannulas are flushed with PBS containing 10 units/ml 
heparin. The animals are subjected to euthanasia 
with an excess of anesthesia . or carbon monoxide 

20 asphyxiation when the study is terminated at 6 hours. 
Blood samples from each time point are assayed for 
MMP-13 enzyme inhibitory activity and the circulating 
concentration of compound plus active metabolites is 
estimated based on the standard curve. 

25 Pharmacokinetic (PK) parameters are calculated by the 
VAX computer program CSTRIP. The parameters are 
defined in textbooks such as Goodman and Oilman's The 
Pharmacological Basis of Therapeutics, eighth ed., 
McGraw-Hill, Inc., New York (1993) and the references 

3 0 therein. 
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Example 


Rat 


intraveneous 




Rat Oral 




Number 




















20 tnpk 






20 mpk 






















tl/2 


(0-oo) 


DlOOU 

J-ieveJ. @ 

3 min 


Cmax 


AUC 
(0-6 hr) 


BA 


Blood 
Level @ 
6 nr 




Hour 


hr*ug/ 
mL 


fig/mL 


Hg/mL 


hr*ng/mL 


% 


ug/mL 


4 


1.77 


24.80 


37.60 


1.84 


4.14 


16.7 


0.254 


6 


1.19 


46.39 


84.72 


22.88 


16.45 


35.5 


0.345 


9 


1.10 


33.67 


42.17 


13 . 63 


9.43 


28.0 


0.281 


10 


0.84 


43.01 


73.00 


18.47 


12.93 


30.1 


0.134 


12 


0.86 


22.11 


73.54 


1.00 


2.45 


11.1 


0.121 


13 


1.03 


43.08 


91.07 


21.98 


18.08 


42.0 


0.228 


14 


1.25 


12.92 


12.10 


4.13 


7.66 


59.3 


0.102 


15 


1.01 


49.29 


120.83 


27.16 


18.19 


36.9 


0.192 


17 


0.74 


37.10 


63.44 


15.72 


13.32 


35.9 


0.135 


22 


1.47 


14.05 


18.06 


0.82 


1.82 


13.0 


0.174 


23 


0.85 


25.01 


59.92 


7.31 


5.93 


23.7 


0.087 


24 


2.49 


37.35 


62.52 


9.79 


15.88 


42.5 


0.545 


25 


- 


- 


- 


1.48 






0.173 


26 


0.58 


17.51 


64.01 


0.29 


0.83 


4.7 


0.051 


27 


1.10 


43.32 


43.69 


10.87 


21.24 


49.0 


0.427 


28 


- 


- 


- 


10.02 


24.28 




0.537 


32 


1.03 


38.94 


51.48 


7.65 


13.48 


34.6 


0.529 


33 


1.91 


29.96 


24.13 


3.33 


8.25 


27.5 


0.543 


34 


- 


- 


- 


2.13 






0.495 


35 


- 


- 


- 


12.59 


26.97 




1.237 


36 


0.65 


5.74 


19.66 


0.16 


0.73 


12.7 


0.072 


40 


- 


- 


- 


1.55 






0.128 


42 


- 


- 


- 


0.71 






0.036 


43 


0.82 


18.79 


61.76 


4.17 


3.24 


17.2 


0.040 


53 


0.97 


10.78 


31.68 


0.37 


0.48 


4.4 


BLD 


65 


- 


- 


- 


0.99 






0.080 


68 


- 


- 


- 


3.41 






0.038 


69 


1.87 


63.78 


44.00 


8.58 


22.89 


35.9 


1.172 


70 


- 


- 


- 


3 .08 






0.131 


71 


- 


- 


- 


4 .00 






0.452 


72 


- 


- 


- 


1.42 


2.03 




0.062 


73 


- 


- 


- 


1.89 


6.87 




0.372 


79 


1.82 


6.11 


13.99 


0.02 


0.07 


1.1 


0.010 


80 


- 


~ 


40.83 


0.03 






0.003 


81 


0.76 


38.21 


89.01 


5.06 


6.40 


16.7 


0.074 


89 


- 


- 


- 


1.68 






0.196 


90 


- 


- 


- 


0.08 






0.041 


91 


- 


- 


- 


0.17 






0.138 


93 


1.81 


13.48 


20.88 


0.35 


1.55 


11.5 


0.126 


94 


1.71 


25.13 


43.37 


0.87 


1.34 


5.3 


0.050 


95 


1.06 


19.74 


34.71 


1.74 


4.86 


24.6 


0.148 


96 








0.43 






0.076 


99 


0.68 


35.68 


99.49 


14.25 


8.05 


22.6 


0.071 


100 


1.50 


24.60 


26.06 


3.12 


11.30 


45.9 


0.506 


103 


1.10 


19.66 


31.11 


2.55 


0.09 


19.9 


0.092 


104 


0.66 


9.86 


29.82 


9.89 


4.88 


49.4 


0.008 


108 








2.96 






0.108 


109 


1.12 


7.13 


13.91 


0.93 


0.85 


11.9 


0.027 


110 






2.67 


0.02 






0.015 
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111 


0.65 


115 


1.36 


117 


0.78 


118 


1.85 


121 


- 


123 


- 


125 


0.73 


233 


0.85 


379 


1.74 


3 82 


1.71 


387 


- 


388 


0.94 


390 


1.50 


391 


1.45 


400 




408 


3.30 


410 


1.78 


414 


0.73 


416 


2.94 


418 


2.42 


421 




427 


2.85 


437 




438 


2.14 



8.49 33.56 

7.81 12.95 

8.69 40.50 

10.97 17.18 



15.73 25.36 

23.12 31.90 

51.41 37.54 

73.68 48.81 

26.10 34.62 

127.63 120.60 

120.92 82.87 
104.34 

25.18 57.40 

29.83 40.08 

26.15 61.89 

230.70 111.17 

209.92 78.55 

36.72 50.74 

9.05 7.46 



0.45 1.11 

1.17 2.00 

0.18 0.28 

0.75 3.32 
0.31 
1.43 

1.11 2.50 

3.33 6.22 

4.30 16.80 
7.27 36.12 
0.65 

0.15 0.68 

23.21 44.20 

24.02 73.24 

8.55 

9.46 4.17 

0.63 2.08 

5.31 6.22 
29.63 156.71 
20.65 77.52 
13.08 19.21 
4.16 8.44 
4.21 4.43 
0.39 1.86 



13.1 


0.054 


25.6 


0.058 


3.3 


0.016 


30.3 


0.268 




0.055 




0.017 


15.9 


0.119 


26.9 


0.584 


32.7 


1.154 


49.0 


3.113 




0.558 


2.6 


0.073 


34.6 


1.780 


60.6 


2 .680 




0.160 


16.6 


0.015 


6.7 


0.223 


23.8 


0.021 


67.9 


20.52 


36.9 


7.347 




0.206 


23.0 


0.440 




0.128 


20.6 


0.316 



5 
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SI ACLIll£s X c 


Rat Intraveneous 




Rat 


Oral 
























20 mpk 




20 


mpk 






















tl/ 2 


AUC 


Blood 


Cmax 


AUC 


BA 


Blood 






(0-oo) 


Level @ 




(0- 




Level @ 








3 min 




6hr) 




6 hr 




Hour 


hr*ug/ 


ug/mL 


Ug/mL 


hr*ug/ 


% 


^ig/mL 






mL 






mL 






4 


1.77 


24.80 


37.60 


1.84 


4.14 


16.7 


0.254 


6 


1.19 


46.39 


84.72 


22.88 


16.45 


35.5 


0.345 


9 


1.10 


33.67 


42 .17 


13.63 


9.43 


28.0 


0.281 


10 


0.84 


43 .01 


73 .00 


18.47 


12.93 


30.1 


0.134 


12 


0.86 


22.11 


73 .54 


1.00 


2.45 


11.1 


0.121 


13 


1.03 


43.08 


91.07 


21.98 


18.08 


42.0 


0.228 


14 


1.25 


12.92 


12 .10 


4.13 


7.66 


59.3 


0.102 


15 


1.01 


49.29 


120.83 


27.16 


18.19 


36.9 


0.192 


17 


0.74 


37.10 


63.44 


15.72 


13.32 


35.9 


0.135 


22 


1.47 


14 .05 


18 . 06 


0.82 


1.82 


13 .0 


0.174 


23 


0.85 


25.01 


59. 92 


7.31 


5.93 


23 .7 


0.087 


24 


2.49 


37 .35 


62 .52 


9.79 


15.88 


42.5 


0.545 


25 


- 






1.48 






0.173 


26 


0.58 


17.51 


64 . 01 


0.29 


0.83 


4.7 


0.051 


27 


1.10 


43 .32 


43.69 


10.87 


21.24 


49.0 


0.427 


28 


- 






10.02 


24.28 




0.537 


32 


1.03 


38.94 


51.48 


7.65 


13.48 


34.6 


0.529 


33 


1.91 


29.96 


24 .13 


3.33 


8.25 


27.5 


0.543 


34 


- 






2.13 






0.495 


35 


- 


_ 




12.59 


26.97 




1.237 


36 


0.65 


5.74 


19.66 


0.16 


0.73 


12.7 


0.072 


40 


- 






1.55 






0.128 


42 


- 


_ 




0.71 






0.036 


43 


0.82 


18.79 


61.76 


4.17 


3.24 


17.2 


0.040 


53 


0.97 


10.78 


31.68 


0.37 


0.48 


4.4 


BLD 


65 


- 






0.99 






0.080 


68 


- 


_ 




3.41 






0.038 


69 


1.87 


63.78 


44.00 


8.58 


22.89 


35.9 


1.172 


70 


- 


_ 




3.08 






0.131 


71 


- 


_ 




4.00 






0.452 


72 


- 


- 


_ 


1.42 


2.03 




0.062 


73 


- 


_ 




1.89 


6.87 




0.372 


79 


1.82 


6.11 


13.99 


0.02 


0.07 


1.1 


0.010 


80 


- 


_ 


40.83 


0.03 






0.003 


81 


0.76 


38.21 


89.01 


5.06 


6.40 


16.7 


0.074 


89 


- 


- 




1.68 






0.196 


90 


- 






0.08 






0.041 


91 


- 






0.17 






0.138 


93 


1.81 


13.48 


20.88 


0.35 


1.55 


11.5 


0.126 


94 


1.71 


25.13 


43.37 


0.87 


1.34 


5.3 


0.050 


95 


1.06 


19.74 


34.71 


1.74 


4.86 


24.6 


0.148 


96 








0.43 






0.076 


99 


0.68 


35.68 


99.49 


14.25 


8.05 


22.6 


0.071 


100 


1.50 


24.60 


26 .06 


3.12 


11.30 


45.9 


0.506 


103 


1.10 


19.66 


31.11 


2.55 


0.09 


19.9 


0.092 


104 


0.66 


9.86 


29.82 


9.89 


4.88 


49.4 


0.008 


108 








2.96 






0.108 


109 


1.12 


7.13 


13.91 


0.93 


0.85 


11.9 


0.027 


110 






2.67 


0.02 






0.015 
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111 


0.65 


8.49 


33.56 


0.45 


1.11 


13.1 


0.054 


115 


1.36 


7.81 


12.95 


1.17 


2.00 


25.6 


0.058 


117 


0.78 


8.69 


40.50 


0.18 


0.28 


3.3 


0.016 


118 


1.85 


10.97 


17.18 


0.75 


3.32 


30.3 


0.268 


121 


- 


- 


- 


0.31 






0.055 


123 




- 


- 


1.43 






0.017 


125 


0.73 


15.73 


25.36 


1.11 


2.50 


15.9 


0.119 


233 


0.85 


23.12 


31.90 


3.33 


6.22 


26.9 


0.584 


379 


1.74 


51.41 


37.54 


4.30 


16.80 


32.7 


1.154 


382 


1.71 


73.68 


48.81 


7.27 


36.12 


49.0 


3.113 


387 


- 


- 


- 


0.65 






0.558 


388 


0.94 


26.10 


34.62 


0.15 


0.68 


2.6 


0.073 


390 


1.50 


127.63 


120.60 


23.21 


44.20 


34 .6 


1.780 


391 


1.45 


120.92 


82.87 


24.02 


73.24 


60.6 


2.680 


400 






104.34 


8.55 






0.160 


408 


3.30 


25.18 


57.40 


9.46 


4.17 


16.6 


0.015 


410 


1.78 


29.83 


40.08 


0.63 


2.08 


6.7 


0.223 


414 


0.73 


26.15 


61.89 


5.31 


6.22 


23.8 


0.021 


416 


2.94 


230.70 


111.17 


29.63 


156.71 


67.9 


20.52 


,418 


2.42 


209. 92 


78.55 


20.65 


77.52 


36.9 


7.347 


421 








13.08 


19.21 




0.206 


427 


2.85 


36.72 


50.74 


4.16 


8.44 


23.0 


0.440 


437 








4.21 


4.43 




0.128 


438 


2.14 


9.05 


7.46 


0.39 


1.86 


20.6 


0.316 



From the foregoing, it will be observed 
5 that numerous modifications and variations can be 
effectuated without departing from the true spirit 
and scope of the novel concepts of the present 
invention. It is to be understood that no limitation 
with respect to the specific example presented is 
10 intended or should be inferred. The disclosure is 
intended to cover by the appended claims all such 
modifications as fall within the scope of the claims. 
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WHAT IS CLAIMED « 

1. A process for treating a host mammal 
having a condition associated with pathological 
matrix metalloprotease (MMP) activity that comprises 
5 administering a metalloprotease inhibitor compound or 
a pharmaceutical^ acceptable salt thereof in an 
effective amount to a mammalian host having such a 
condition, said metalloprotease inhibitor inhibiting 
the activity of one or more of MMP-2, MMP-9 and MMP- 
10 13, while exhibiting substantially less inhibitory 
activity against MMP-1, said compound corresponding 
in structure to formula (I) , below 

O 

HONH C-^7\^S0 2 ^ R3 

R 1 R 2 

I 

wherein 

R 1 and R 2 are both hydrido or R 1 and R 2 
together with the atoms to which they are bonded form 
a 5- to 8-membered ring containing one, two or three 
heteroatoms in the ring that are oxygen, sulfur or 
nitrogen; 

R 3 is an optionally substituted aryl or 
optionally substituted heteroaryl radical, and when 
said aryl or heteroaryl radical is substituted, the 
substituent is (a) selected from the group consisting 
of an optionally substituted cycloalkyl, 
heterocycloalkyl , aryl, heteroaryl, aralkyl, 
heteroaralkyl , aralkoxy, heteroaralkoxy , 
aralkoxyalkyl, aryloxyalkyl , aralkanoylalkyl , 
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arylcarbonylalkyl, aralkylaryl, aryloxyalkylaryl , 
aralkoxyaryl , arylazoaryl, arylhydrazinoaryl , 
alkylthioaryl, arylthioalkyl , alkylthioaralkyl , 
aralkylthioalkyl, an aralkylthioaryl radical, the 
5 sulfoxide or sulfone of any of the thio substituents, 
and a fused ring structure comprising two or more 5- 
or 6-membered rings selected from the group 
consisting of aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, and (b) is itself optionally 

10 substituted with one or more substituents 

independently selected from the group consisting of a 
cyano, perf luoroalkyl , trif luoromethoxy , 
trifluoromethylthio, haloalkyl, trif luoromethylalkyl , 
aralkoxycarbonyl , aryloxycarbonyl , hydroxy, halo, 

15 alkyl, alkoxy, nitro, thiol, hydroxycarbonyl , 

aryloxy, arylthio, aralkyl, aryl, arylcarbonylamino, 
heteroaryloxy, heteroarylthio, heteroaralkyl , 
cycloalkyl , heterocyclooxy, heterocyclothio, 
heterocycloamino, cycloalkyloxy , cycloalkyl thio, 

2 0 heteroaralkoxy, heteroaralkyl thio, aralkoxy, 

aralkyl thio , aralkylamino , heterocyclo , heteroaryl , 
arylazo, hydroxycarbonylalkoxy , alkoxycarbonylalkoxy , 
alkanoyl, arylcarbonyl , aralkanoyl, alkanoyloxy, 
aralkanoyloxy, hydroxyalkyl , hydroxyalkoxy , 

25 alkylthio, alkoxyalkylthio, alkoxycarbonyl , 
aryloxyalkoxyaryl , arylthioalkylthioaryl , 
aryloxyalkylthioaryl , arylthioalkoxyaryl , 
hydroxycarbonylalkoxy, hydroxycarbonylalkylthio, 
alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 

30 wherein the amino nitrogen is (i) unsubstituted, 

or (ii) substituted with one or two substituents 
that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, 
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aralkyl , cycloalkyl , aralkoxycarbonyl , 
alkoxycarbonyl , arylcarbonyl , aralkanoyl , 
heteroarylcarbonyl , heteroaralkanoyl and an 
alkanoyl group, or (iii) wherein the amino 
5 nitrogen and two substituents attached thereto 

form a 5- to 8-membered heterocyclo or 
heteroaryl ring containing zero to two 
additional heteroatoms that are nitrogen, oxygen 
or sulfur and which ring itself is (a) 

10 unsubstituted or (b) substituted with one or two 

groups independently selected from the group 
consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl , cycloalkyl , heterocycloalkyl , 

15 alkoxycarbonyl, hydroxyalkyl, trif luoromethyl , 

benzofused heterocycloalkyl, hydroxyalkoxy alkyl , 
aralkoxycarbonyl , hydroxycarbonyl , 
aryloxycarbonyl, benzofused heterocycloalkoxy , 
benzofused cycloalkylcarbonyl, heterocyclo- 

20 alkylcarbonyl, and a cycloalkylcarbonyl group, 

carbonylamino 

wherein the carbonylamino nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of 
an amino acid, or (iii) substituted with one or 

25 two radicals selected from the group consisting 

of an alkyl, hydroxyalkyl, hydroxyheteroaralkyl , 
cycloalkyl, aralkyl, trif luoromethylalkyl , 
heterocycloalkyl, benzofused heterocycloalkyl, 
benzofused heterocycloalkyl, benzofused 

30 cycloalkyl, and an N,N-dialkylsubstituted 

alkylamino-alkyl group, or (iv) the carboxamido 
nitrogen and two substituents bonded thereto 
together form a 5- to 8-membered heterocyclo, 
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heteroaryl or benzofused heterocycloalkyl ring 
that is itself unsubstituted or substituted with 
one or two radicals independently selected from 
the group consisting of an alkyl, 
5 alkoxycarbonyl , nitro, heterocycloalkyl, 

hydroxy, hydroxycarbonyl , aryl, aralkyl, 
heteroaralkyl and an amino group, 
wherein the amino nitrogen is 
(i) unsubstituted, or (ii) substituted with 
10 one or two substituents that are 

independently selected from the group 
consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
15 8-membered heterocyclo or heteroaryl ring, 

and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) 
unsubstituted, or (ii) substituted with one or two 
substituents independently selected from the group 
2 0 consisting of an alkyl, aryl, aralkyl, cycloalkyl, 
aralkoxycarbonyl , alkoxycarbonyl, and an alkanoyl 
group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring. 

25 

2. The process according to claim 1 
wherein R 1 and R 2 together with the atoms to which 
they are bonded form a 5- to 8-membered ring 
containing one, two or three heteroatoms in the ring 
30 that are oxygen, sulfur or nitrogen; 
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3 . The process according to claim 2 
wherein R 3 is a single -ringed aryl or heteroaryl 
group that is 5- or 6-membered, and is itself 
substituted at its own 4 -position when a 6-membered 

5 ring or at its own 3- or 4 -position when a 5-membered 
ring with a substituent selected from the group 
consisting of one other single-ringed aryl or 
heteroaryl group, a C 3 -C 14 alkyl group, a N-piperidyl 
group, a N-piperazinyl group, a phenoxy group, a 
10 thiophenoxy group, a 4-thiopyridyl group, a phenylazo 
group and a benzamido group. 

4. The process according to claim 3 

wherein R 3 contains two or more 5- or 6-membered 
15 rings. 

5. The process according to claim 3 
wherein R 3 , when rotated about an axis drawn through 
the SO2 -bonded 1 -position and the substituent -bonded 

2 0 4 -position of a 6-membered ring or the S0 2 -bonded 1- 
position and substituent -bonded 3- or 4 -position of a 
5-membered ring, defines a three-dimensional volume 
whose widest dimension has the width in a direction 
transverse to that axis to rotation of about one 

25 furanyl ring to about two phenyl rings. 

6. The process according to claim 3 
wherein R 3 has a length that is greater than that of 
a pentyl group and a length that is less than that of 

30 an icosyl group. 
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7. A process for treating a host mammal 
having a condition associated with pathological 
matrix metalloprotease (MMP) activity that comprises 
administering a metalloprotease inhibitor compound or 
5 a pharmaceutical ly acceptable salt thereof in an 
effective amount to a mammalian host having such a 
condition, said metalloprotease inhibitor inhibiting 
the activity of one or more of MMP-2, MMP- 9 and MMP- 
13, while exhibiting substantially less inhibitory 
10 activity against MMP-1, said compound corresponding 
in structure to formula II, below 



/ J n 

R 14 0 -HN < C ^ CH %— A— R— E 



15 wherein 

R 14 is hydrido, a pharmaceutical^ 
acceptable cation or C(W)R 15 where W is O or S and 
R 15 is selected from the group consisting of a C^-Cg- 
alkyl, aryl, C^-Cg-alkoxy, heteroaryl-C-L-Cg-alkyl, 

20 C 3 -C 8 -cycloalkyl-C 1 -Cg-alkyl, aryloxy, ar-C^-Cg- 

alkoxy, ar-C^-Cg-allcyl, heteroaryl and amino C^-Cg- 
alkyl group wherein the aminoalkyl nitrogen is (i) 
unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 

25 consisting of an C^-Cg-alkyl, aryl, ar-C^-Cg-alkyl, 
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C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, ar-C 1 -C 6 - 

alkoxycarbonyl , C 1 -Cg-alkoxycarbonyl , and C^-Cg- 

alkanoyl radical, or (iii) wherein the amino C^-Cg- 

alkyl nitrogen and two substituents attached thereto 
5 form a 5- to 8-membered heterocyclo or heteroaryl 
ring ; 

m is zero, 1 or 2; 
n is zero, 1 or 2; 
p is zero, 1 or 2; 
10 the sum of m + n + p = 1, 2, .3 or 4; 

(a) one of X, Y and Z is selected from the 

group consisting of C(O), NR 6 , O, S, S (O) , S(0) 2 and 

NS(0) 2 R 7 / and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R 1:L , or 
15 (b) X and Z or Z and Y together constitute 

a moiety that is selected from the group consisting 

of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 

and OC(O) , with the remaining one of X, Y and Z being 

CR 8 R 9 , or 

20 (c) n is zero and X, Y and Z together 

constitute a moiety selected from the group 
consisting of 
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5 wherein wavy lines are bonds to the atoms 

of the depicted ring; 

R 6 and R 6 ' are independently selected from 
the group consisting of hydrido, C^-Cg-alkanoyl, Cg- 
aryl-C-L-Cg-alkyl, aroyl, bis (^-Cg-alkoxy-^-Cg- 
10 alkyD-C^-Cg-alkyl, ^-Cg-alkyl, C-L-Cg-haloalkyl, C x - 
Cg-perfluoroalkyl, Cj^-Cg-trif luoromethylalkyl , C^-Cg- 
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perfluoroalkoxy-Ci-Cg-alkyl, C 1 -C 6 -alkoxy-C 1 -C 6 - 
alkyl, C 3 -Cg-cycloalkyl, C 3 -C 8 -heterocycloalkyl, C 3 - 
C 8 -heterocycloalkylcarbonyl, Cg-aryl, C 5 -Cg- 
heterocyclo, C 5 -Cg-heteroaryl, C 3 -C a -cycloalkyl-C 1 - 
5 Cg-alkyl, Cg-aryloxy-Ci-Cg-alkyl , heteroaryloxy-C!- 
Cg-alkyl, heteroaryl-C^Cg-alkoxy-Ci-Cg-alkyl, 
heteroarylthio-C-L-Cg-alkyl, Cg-arylsulfonyl, C^Cg- 
alkylsulfonyl, C 5 -Cg-heteroarylsulf onyl , carboxy-C-L- 
Cg-alkyl, Ci-^-alkoxycarbonyl-Cj^-Cg-alkyl, 

10 aminocarbonyl , C^Cg-alkyliminocarbonyl, Cg- 
aryl iminocarbonyl , C 5 -C 6 -heterocycloiminocarbonyl , 
Cg-arylthio-C-L -Cg-alkyl, C-L-Cg-alkylthio-C-L-Cg-alkyl , 
Cg-arylthio-C 3 -C 6 -alkenyl, C 1 -C 4 -alkylthio-C 3 -Cg- 
alkenyl, C 5 -Cg-heteroaryl-C 1 -C 6 -alkyl, halo-C^Cg- 

15 alkanoyl, hydroxy-^ -Cg -alkanoyl, thiol -C 1 -Cg- 

alkanoyl, C 3 -C 6 -alkenyl, C 3 -Cg-alkynyl , C 1 -C 4 -alkoxy- 
C 1 -C 4 -alkyl, C 1 -C 5 -alkoxycarbonyl , aryloxycarbonyl , 
NR 8 R 9 -C 1 -C 5 -alkylcarbonyl, hydroxy- C x - C 5 - alkyl , an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
20 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^Cg-alkyl, ar-C^ Cg-alkyl, C 3 -C Q - 
cycloalkyl and a C^Cg -alkanoyl group, 

hydroxyaminocarbonyl , an aminosulfonyl group wherein 
25 the aminosulfonyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
C x - Cg-alkyl, ar- C-^Cg- alkyl , C 3 -C 8 -cycloalkyl and a 
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c l" c 6" alkano i rl 9 r °up, an amino-Ci -Cg-alkylsulfonyl 
group wherein the amino-C^-Cg-alkylsulfonyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
5 consisting of C^-Cg-alky!, ar-Ci-Cg-alkyI , C 3 -C 8 - 

cycloalkyl and a C^^-Cg-alkanoyl group and an amino- 
C^-Cg-allcyl group wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
10 consisting of C-L-Cg-alkyI, ar-C-L-Cg-alkyI , C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group; 

R 7 is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C^-Cg- 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl, C^-Cg- 

15 carboxyalkyl and a C 1 -C 6 -hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, C 1 -C 6 -alkyl / aryl, ar-C^-Cg-alkyl, 

heteroaryl, heteroar-C 1 -C 6 -alkyl , C 2 -C 6 -alkynyl, C 2 - 

20 C 6 -alkenyl, thiol-C-L-Cg-alkyl, C-L-Cg-alkylthio-C-L-Cg- 

alkyl cycloalkyl, cycloalkyl -C^-Cg -alkyl , 

heterocycloalkyl-C-L-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 

alkyl, aralkoxy-^-Cg-alkyl, C^^-Cg-alkoxy-C-L-Cg- 

alkoxy-C 1 -C 6 -alkyl , hydroxy-C 1 -Cg -alkyl , 

25 hydroxycarbonyl-C^-Cg-alkyl , hydroxycarbonylar-C^-Cg- 

alkyl, aminocarbonyl-C 1 -C 6 - alkyl, aryloxy-C^^-Cg- 

alkyl, heteroaryloxy-C-L-Cg -alkyl, arylthio-C^-Cg- 

alkyl, heteroarylthio-C 1 -C 6 -alkyl, the sulfoxide or 
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sulfone of any said thio substituents, perf luoro-C 1 - 

C 6 -alkyl, trif luoromethyl-C 1 -Cg-alkyl, halo-C^-Cg- 

alkyl, alkoxycarbonylamino-C^-Cg-alkyl and an amino- 

C^^-Cg-alkyl group wherein the aminoalkyl nitrogen is 

5 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C 1 -C 6 -alkyl f ar-C^-Cg-alkyl, cycloalkyl 

and C 1 -Cg-alkanoyl / or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 

10 carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

15 sulfur, with the proviso that only one of R 8 and R 9 

or R 10 and R 11 is hydroxy; 

R 12 and R 12 1 are independently selected 
from the group consisting of a hydrido, C^-Cg-alkyl, 

aryl, ar-C 1 -Cg-alkyl , heteroaryl, heteroaralkyl, C 2 - 

20 Cg-alkynyl, C 2 -Cg-alkenyl , thiol-C^^-Cg-alkyl , 

cycloalkyl, cycloalkyl-C-L-Cg-alkyl , heterocycloalkyl- 

Cx-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -C 6 -alkyl, aryloxy-C 1 -Cg- 

alkyl, amino-C^-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg-alkoxy- 

C^-Cg-alky! , hydroxy- C^-Cg-alkyl, hydroxycarbonyl-C-L- 

25 C 6 - a 1 ky 1 , hydroxy carbonyl ar - C^-Cg-alkyl, 

aminocarbonyl-C-L-Cg-alkyl, aryloxy-C^^-Cg-alkyl, 

heteroaryloxy-C^-Cg-alkyl, C 1 -C 6 -alkylthio-C 1 -Cg- 

alkyl, arylthio-C^^-Cg-alkyl, heteroarylthio-C^^-Cg- 
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alkyl, the sulfoxide or sulfone of any said thio 
subs t i t uent s , pe r f luor o -C 1 -C 6 -al ky 1 , t r i f luor ome t hy 1 - 

Ci-Cg-alkyl, halo-C-L-Cg-alkyl, alkoxycarbonylamino- 
C^-Cg-alkyl and an amino-C 1 -C 6 -alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C 1 -C 6 -alkyl, 

ar-C 1 -C 6 -alkyl f cycloalkyl and C^^-Cg-alkanoyl ; 

R is selected from the group consisting 



of a hydrido, benzyl, phenyl, C 1 -C 6 -alkyl, C 2 -C 6 - 
alkynyl, C 2 -Cg-alkenyl and a C^-Cg-hydroxyalkyl 
group ; and 

G-A-R-E-Y is a substituent that has a 
length greater than that of a pentyl group has a 
15 length that is less than that of an icosyl group 
wherein 

G is an aryl or heteroaryl group; 
A is selected from the group consisting of 
(1) -0-; 
20 (2) -S-; 

(3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 )-CO-, wherein R 1 7 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

(5) -CO-O- or -0-CO-; 
25 (6) -O-C0-0-; 

(7) -HC=CH- ; 

(8) -NH-C0-NH-; 

(9) -CsC-; 

(10) -NH-CO-O- or -0-CO-NH-; 
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(11) -N=N- ; 

(12) -NH-NH- ; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C 1 -C 4 -alkyl, or 

5 phenyl ; or 

(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl , aryl, heteroaryl, 

10 cycloalkyl, heterocycloalkyl , aralkyl, heteroaralkyl , 
heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl , heteroaryloxyalkyl , arylthioalkyl , 
heteroaryl thioalkyl, cycloalkylthioalkyl , and a 

15 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 

20 perf luoroalkoxy, perf luoroalkyl thio, 

trif luoromethylalkyl , amino , alkoxycarbonylalkyl , 
alkoxy , C 1 -C 2 -alkylene-dioxy , hydroxycarbonylalkyl , 

hydroxycarbonylalkylamino , nitro , hydroxy, 
hydroxyalkyl , alkanoylamino, and a alkoxycarbonyl 
25 group, and R is other than alkyl or alkoxyalkyl when 
A is -0- or -S-; 

E is selected from the group consisting of 

(1) -C0(R 19 )- or -(R 19 )C0-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 
3 0 group ; 
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(2) 



-CONH- or -HNCO-; and 



(3) 



-CO- ; 



(4) 



-S0 2 -R 19 - or -Rl9-S0 2 -; 



(5) 



-S0 2 -; 



5 



(6) 



-NH-S0 2 - or -S0 2 -NH-; or 



(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 

10 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy , heteroaralkyl, 
perf luoroalkoxy, perf luoroalkylthio, 
trif luoromethylalkyl , alkenyl , heterocycloalkyl , 
cycloalkyl, trif luoromethyl , alkoxycarbonyl , and a 

15 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

20 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 

25 8. The process according to claim 7 

wherein said -G-A-R-E-Y substituent contains two to 
four carbocyclic or heterocyclic rings. 

9. The process according to claim 8 
30 wherein each of the two to four rings is 6-membered. 
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10. The process according to claim 7 
wherein said -G-A-R-E-Y substituent has a length that 
is greater than a hexyl group and a length that is 
less than that of a stearyl group. 

5 

11 . The process according to claim 7 
wherein A is -0- or -S- . 

12 . The process according to claim 7 
10 wherein R is an aryl, heteroaryl, cycloalkyl or 

heterocycloalkyl group. 

13 . The process according to claim 7 
wherein E is absent. 



15 



20 



14 . The process according to claim 7 
wherein Y is selected from the group consisting of 
hydrido, an alkyl, alkoxy, perf luoroalkoxy and a 
perf luoroalkylthio group. 



15. A process for treating a host mammal 
having a condition associated with pathological 
matrix metalloprotease (MMP) activity that comprises 
administering a metalloprotease inhibitor compound or 

25 a pharmaceutically acceptable salt thereof in an 
effective amount to a mammalian host having such a 
condition, said metalloprotease inhibitor inhibiting 
the activity of one or more of MMP-2, MMP-9 and MMP- 
13, while exhibiting substantially less inhibitory 

30 activity against MMP-1, said compound corresponding 
in structure to formula III, below 
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/ Y 




m 



wherein 

R 3 is a single- ringed aryl or heteroaryl 
5 group that is 5- or 6-membered, and is itself 

substituted at its own 4 -position when a 6-membered 
ring and at its own 3- or 4-position when a 
5-membered ring with a substituent selected from the 
group consisting of a thiophenoxy, 4-chloro-phenoxy, 
10 3 -chlorophenoxy, 4-methoxyphenoxy, 3-benzodioxol-5- 
yloxy, 3 , 4-dimethylphenoxy, 4 -f luorophenoxy, 4- 
f luorothiophenoxy , phenoxy , 4 - 1 r i f luoro - 
methoxyphenoxy , 4 - trif luoromethylphenoxy , 4 - 
(trifluoromethylthio) phenoxy, 4- (trif luoromethyl- 
15 thio) thiophenoxy, 4 -chloro-3-f luorophenoxy, 4- 

isopropoxyphenoxy , 4 - isopropylphenoxy , ( 2 -methyl -1,3- 
benzothiazol - 5 -yl ) oxy , 4 - ( 1H- imidazol - 1 -yl ) phenoxy , 
4 - chloro - 3 - methylphenoxy , 3 -methyl -phenoxy , 4 - 
ethoxyphenoxy, 3 , 4 -dif luorophenoxy , 4 -chloro- 3- 
20 methylphenoxy, 4 -f luoro -3 -chlorophenoxy, 4- (1H-1,2,4- 
triazol-l-yl) phenoxy, 3 , 5 -dif luorophenoxy, 3,4- 
di chlorophenoxy, 4 -cyclopentylphenoxy , 4 -bromo-3 - 
methylphenoxy, 4 -bromophenoxy , 4 -methyl thiophenoxy , 
4 -phenyl phenoxy, 4 - benzyl phenoxy, 6-quinolinyloxy, 4- 
25 amino -3 -methylphenoxy, 3 -methoxyphenoxy, 5,6,7,8- 

t etrahydro- 2 -naphthalenyloxy , 3 -hydroxymethylphenoxy , 
and a 4-benzyloxyphenoxy group; 
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R 14 is hydrido, a pharmaceutical ly 
acceptable cation or C(W)R 15 where W is 0 or S and 
R 15 is selected from the group consisting of a C^-Cg- 
alkyl, aryl, C^-Cg-alkoxy, heteroaryl -Ci-Cg-alkyI, 
C 3 -C 8 -cycloalkyl-C 1 -Cg-alJcyl > aryloxy, ar-C^-Cg- 
alkoxy, ar-Ci-Cg-alkyl, heteroaryl and amino C^Cg- 
alkyl group wherein the aminoalkyl nitrogen is (i) 
unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an ^-Cg-alkyl, aryl, ar-C^-Cg-alky!., 
C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, ar-C^-Cg- 
alkoxycarbonyl, C-L-Cg-alkoxycarbonyl , and C^-Cg- 
alkanoyl radical, or (iii) wherein the amino C^-Cg- 
alkyl nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or heteroaryl 
ring; 

m is zero, 1 or 2; 
n is zero, 1 or 2; 
p is zero, 1 or 2; 

the sum ofm+n+p=i, 2, 3 or 4; 

(a) one of X, Y and Z is selected from the 
group consisting of C(0), NR 6 , o, S, S (O) , S(0) 2 and 
NS(0) 2 R , and the remaining two of X, Y and Z are 
CR 8 R 9 , and CR^rH, or 

(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 
of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 
and 0C(0) , with the remaining one of X, Y and Z being 
CR 8 R 9 , or 
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(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 



\\ 0 

/R 6 ' r 6 ^ 1 r 6 ' R 6 \/° H 6- 



R6 >12 d 12- Ri 



| R" R 1 ] 



11 IS' \ \ 



*\X X 

I'll- n 



o 



A 



12 R 



12' 



IS 11' 

R» R" R 13 R 13 

r" r 12 ' Y V 



X r V JL and X R < ; 



wherein wavy lines are bonds to the atoms 
10 of the depicted ring; 
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R 6 and R 6 ' are independently selected from 
the group consisting of hydrido, C-^Cg -alkanoyl, Cg- 
aryl-C-L -Cg-alkyl, aroyl, bis ( C-L-Cg-alkoxy- C^ Cg- 
alkyl) -C-l -Cg-alkyl, C^Cg-allcyl, C-L-Cg-haloalkyl , C x - 
5 Cg-perfluoroalkyl, C^Cg-trif luoromethylalkyl, C^Cg- 
perfluoroalkoxy-Cx-Cg-alkyl, Ci-Cg-alkoxy-Ci-Cg- 
alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl, C 3 - 
Cg-heterocycloalkylcarbonyl, Cg-aryl, C 5 -Cg- 
heterocyclo, C 5 -C 6 -heteroaryl , C 3 -Cg-cycloalkyl-C-L- 

10 Cg-alkyl, Cg-aryloxy-Ci-Cg-alkyl, heteroaryloxy-C-L- 
Cg-alkyl, heteroaryl-Ci-Cg-alkoxy-Ci-Cg-alkyl, 
heteroarylthio-C! -Cg-alkyl, Cg-arylsulf onyl , C^Cg- 
alkylsulfonyl, C 5 -Cg-heteroarylsulfonyl, carboxy-C-L- 
Cg-alkyl , C x -C 4 -alkoxycarbonyl -C x -Cg-alkyl , 

15 aminocarbonyl , C-L-Cg-alkyliminocarbonyl , Cg- 
aryl iminocarbonyl , C 5 -C 6 -heterocycloiminocarbonyl , 
Cg-arylthio-Ci-Cg-alkyl, C 1 -C 6 -alkylthio-C 1 -Cg-alkyl, 
Cg-arylthio-C 3 -C 6 -alkenyl, C 1 -C 4 -alkylthio-C 3 -Cg- 
alkenyl, Cs-Cg-heteroaryl-C-L-Cg-alkyl, halo-C^Cg- 

20 alkanoyl, hydroxy-C-L-Cg- alkanoyl, thiol -C^Cg - 

alkanoyl, C 3 -Cg-alkenyl , C 3 -Cg-alkynyl , C 1 -C 4 -alkoxy- 
C 1 -C 4 -alkyl, C-L-Cs-alkoxycarbonyl , aryloxycarbonyl , 
NR 8 R 9 -c 1 -C 5 -alkylcarbonyl, hydroxy-C-L-Cs-alkyl , an 
aminocarbonyl wherein the aminocarbonyl nitrogen is 

25 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of Cj^-Cg-alkyl, ar-Cj^-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a C-^Cg -alkanoyl group, 
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hydroxyaminocarbonyl , an aminosulf onyl group wherein 
the aminosulf onyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
5 C-L-Cg-alkyl, ar-C^-Cg-allcyl , C 3 -C 8 -cycloalkyl and a 
C 1 -C 6 -alkanoyl group, an amino-Ci-Cg-alkylsulfonyl 
group wherein the amino-C^^-Cg-alkylsulf onyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 

10 consisting of Cj-Cg-alkyl, ar-C^-Cg-alkyl, C 3 -U 8 - 
cycloalkyl and a C^-Cg-alkanoyl group and an amino- 
c l" c 6" alk y 1 group wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 

15 consisting of C^-Cg-allcyl, ar-C-L-Cg-alkyI , C 3 -C 8 - 
cycloalkyl and a C 1 -Cg-alkanoyl group; 

R' is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C 1 -C 6 - 

alkyl, C 3 -C 6 -alkynyl, C 3 -Cg-alkenyl , C^Cg- 

20 carboxyalkyl and a C^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyl, aryl, ar-Cj^-Cg-alkyl , 
heteroaryl, heteroar-C-L-Cg-alkyl , C 2 -C 6 -alkynyl , C 2 - 
25 Cg-alkenyl, thiol -C-L-Cg-alkyl , Ci-Cg-alkylthio-C-L-Cg- 
alkyl cycloalkyl, cycloalkyl-C 1 -C 6 -alkyl > 
heterocycloalkyl-C^^-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 
alkyl, aralkoxy- C-L-Cg-alkyl, C-L-Cg-alkoxy-Cj^-Cg- 
alkoxy-Ci-Cg-alkyl , hydroxy-^ -Cg-alkyl, 
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hydroxycarbonyl-Ci-Cg-alkyl , hydroxycarbonylar-C-t-Cg- 
alkyl, aminocarbonyl-Cj^-Cg-alkyl, aryloxy-C^-Cg- 
alkyl, heteroaryloxy-C^-Cg-alkyl, arylthio-C^^-Cg- 
alkyl, heteroarylthio-Ci-Cg-alkyl, the sulfoxide or 
5 sulfone of any said thio substituents, perf luoro-C^- 
Cg-alkyl, trifluoromethyl-Ci-Cg-alkyl, halo-C^-Cg- 
alkyl, alkoxycarbonylamino-Ci-Cg-alkyl and an amino- 
c l" c 6" alk Y* 1 group wherein the amihoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
10 radicals independently selected from the group 

consisting of C-L-Cg-alkyl , ar-C-L-Cg-alkyl, cycloalkyl 

and C-L-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 
15 or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

sulfur, with the proviso that only one of R 8 and R 9 
20 or R 10 and R 11 is hydroxy; 

R 12 and R 12 ' are independently selected 
from the group consisting of a hydrido, C^-Cg-alkyl, 

aryl, ar-C^-Cg-alky! , heteroaryl, heteroaralkyl , C 2 - 

Cg-alkynyl, C 2 -Cg-alkenyl , thiol-C^^-Cg-alkyl, 

25 cycloalkyl, cycloalkyl -Ci-Cg-alkyI , heterocycloalkyl- 

Ci-Cg-alkyl, Ci-Cg-alkoxy-Ci-Cg-alkyl, aryloxy-Ci-Cg- 

alkyl, amino-Ci-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg-alkoxy- 

Ci-Cg-alkyl, hydroxy-C^-Cg-alkyl, hydroxycarbonyl-C-L- 
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Cg-alkyl, hydroxycarbonylar-C^^-Cg-alkyl, 
aminocarbonyl-C 1 -C 6 -alkyl, aryloxy-C-L-Cg-alkyl , 
heteroaryloxy-Ci-Cg-alkyl, C-L-Cg-alkylthio-C-L-Cg- 
alkyl, arylthio-C 1 -C 6 -alkyl / heteroarylthio-C^-Cg- 
5 alkyl, the sulfoxide or sulfone of any said thio 

substituents , perf luoro-C^^-Cg-alkyl , trif luoromethyl- 

c l" c 6" alk y 1 ' halo - C x - Cg- alky 1 # alkoxycarbonylamino- 
c l _c 6- a lkyl and an amino-C 1 -Cg-alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
10 substituted with one or two radicals independently 
selected from the group consisting of C^-Cg-alkyl, 
ar-C-L-Cg-alkyl, cycloalkyl and C-L-Cg-alkanoyl ; and 

R 13 is selected from the group consisting 
of a hydrido, benzyl, phenyl, C^-Cg -alkyl, C 2 -Cg- 

15 alkynyl, C 2 -C 6 -alkenyl and a (^-Cg-hydroxyalkyl 
group . 

16, The process according to claim 15 
wherein the sum of m + n + p = 1 or 2. 



20 



17. The process according to claim 15 
wherein Z is O, S or NR 6 . 



18. The process according to claim 15 
25 wherein R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C 1 -Cg-alkyl / C 3 -C 6 -alkenyl , C 3 -Cg- 
alkynyl, C 1 -C 6 -alkoxy-C 1 -Cg-alkyl , amino-C-L-Cg-alkyl , 
aminosulfonyl, heteroaryl-C 1 -Cg-alkyl , 
aryloxycarbonyl , and C 1 -Cg-alkoxycarbonyl . 
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19. The process according to claim 15 
wherein m = n = zero, p= 1, and Y is NR 6 . 

5 20. A process for treating a host mammal 

having a condition associated with pathological 
matrix metal loprot ease (MMP) activity that comprises 
administering a metalloprotease inhibitor compound or 
a pharmaceutical ly acceptable salt thereof in an 

10 effective amount to a mammalian host having such a 
condition, said metalloprotease inhibitor inhibiting 
the activity of one or more of MMP-2, MMP- 9 and MMP- 
13, while exhibiting substantially less inhibitory 
activity against MMP-1, said compound corresponding 

15 in structure to formula IV, below 




O 

IV 

wherein R 3 is an optionally substituted 
aryl or optionally substituted heteroaryl radical, 

20 and when said aryl or heteroaryl radical is 

substituted, the substituent is (a) selected from the 
group consisting of an optionally substituted 
cycloalkyl, heterocycloalkyl , aryl, heteroaryl, 
aralkyl , het eroaralkyl , aralkoxy , het eroaralkoxy , 

25 aralkoxyalkyl, aryloxyalkyl , aralkanoylalkyl , 

arylcarbonylalkyl , aralkylaryl , aryloxyalkylaryl , 
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aralkoxyaryl , arylazoaryl , arylhydrazinoaryl , 
alkylthioaryl, arylthioalkyl , alkylthioaralkyl, 
aralkylthioalkyl , an aralkylthioaryl radical, the 
sulfoxide or sulfone of any of the thio substituents, 
5 and a fused ring structure comprising two or more 5- 
or 6-membered rings selected from the group 
consisting of aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, and (b) is itself optionally 
substituted with one or more substituents 

10 independently selected from the group consisting of a 
cyano, perf luoroalkyl, trif luoromethoxy, 
trifluoromethylthio, haloalkyl, trif luoromethylalkyl , 
aralkoxycarbonyl , aryloxycarbonyl, hydroxy, halo, 
alkyl, alkoxy, nitro, thiol, hydroxycarbonyl , 

15 aryloxy, arylthio, aralkyl, aryl, arylcarbonylamino, 
heteroaryloxy, heteroaryl thio, heteroaralkyl , 
cycloalkyl , heterocyclooxy , heterocyclothio , 
heterocycloamino, cycloalkyloxy, cycloalkyl thio, 
heteroaralkoxy, heteroaralkylthio, aralkoxy, 

20 aralkylthio, aralkylamino, heterocyclo, heteroaryl, 

arylazo , hydroxycarbonyl alkoxy, alkoxycarbonylalkoxy , 
alkanoyl, arylcarbonyl , aralkanoyl, alkanoyloxy, 
aralkanoyloxy, hydroxyalkyl , hydroxyalkoxy, 
alkylthio, alkoxyalkylthio, alkoxycarbonyl , 

25 aryloxyalkoxyaryl , arylthioalkylthioaryl, 
aryloxyalkylthioaryl , arylthioalkoxyaryl , 
hydroxycarbonylalkoxy , hydroxycarbonylalkylthio , 
alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 
wherein the amino nitrogen is (i) unsubstituted, 

30 or (ii) substituted with one or two substituents 

that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, 
aralkyl, cycloalkyl, aralkoxycarbonyl, 
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alkoxycarbonyl , arylcarbonyl , aralkanoyl , 
heteroarylcarbonyl, heteroaralkanoyl and an 
alkanoyl group, or (iii) wherein the amino 
nitrogen and two substituents attached thereto 
5 form a 5- to 8-membered heterocyclo or 

heteroaryl ring containing zero to two 
additional heteroatoms that are nitrogen, oxygen 
or sulfur and which ring itself is (a) 
unsubstituted or (b) substituted with one or two 

10 groups independently selected from the group 

consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl, cycloalkyl, heterocycloalkyl , 
alkoxycarbonyl, hydroxyalkyl , trif luoromethyl , 

15 benzofused heterocycloalkyl, hydroxyalkoxyalkyl , 

aralkoxycarbonyl , hydroxycarbonyl , 
aryloxycarbonyl , benzofused heterocycloalkoxy, 
benzofused cycloalkylcarbonyl , heterocyclo- 
alkylcarbonyl , and a cycloalkylcarbonyl group, 

2 0 carbonyl amino 

wherein the carbonylamino nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of 
an amino acid, or (iii) substituted with one or 
two radicals selected from the group consisting 

25 of an alkyl, hydroxyalkyl, hydroxyheteroaralkyl, 

cycloalkyl, aralkyl, trif luoromethylalkyl, 
heterocycloalkyl, benzofused heterocycloalkyl, 
benzofused heterocycloalkyl, benzofused 
cycloalkyl, and an N,N-dialkylsubstituted 

30 alkyl amino -alkyl group, or (iv) the carboxamido 

nitrogen and two substituents bonded thereto 
together form a 5- to 8-membered heterocyclo, 
heteroaryl or benzofused heterocycloalkyl ring 
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that is itself unsubstituted or substituted with 
one or two radicals independently selected from 
the group consisting of an alkyl, 
alkoxycarbonyl, nitro, heterocycloalkyl, 
5 hydroxy, hydroxycarbonyl , aryl, aralkyl, 

heteroaralkyl and an amino group, 
wherein the amino nitrogen is 
(i) unsubstituted, or (ii) substituted with 
one or two substituents that are 
10 independently selected from the group 

consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
8-membered heterocyclo or heteroaryl ring, 
15 and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) 
unsubstituted, or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an alkyl, aryl, aralkyl, cycloalkyl, 
20 aralkoxycarbonyl, alkoxycarbonyl, and an alkanoyl 

group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring; and 

Z is selected group the group consisting of 
25 O, S, NR 6 , SO, S0 2 , and NS0 2 R 7 , 

wherein R 6 is selected from the group 
consisting of hydrido, C 1 -C 5 -alkyl, C^-C^ -alkanoyl, 
benzyl, benzoyl, C 3 -C 5 -alkynyl , C 3 -C 5 -alkenyl, C 1 -C 3 - 
alkoxy-C-L-C^ -alkyl, C 3 -C 6 -cycloalkyl , heteroaryl -C^- 
C 6 -alkyl, Ci-Cg-hydroxyalkyl, C 1 -C 5 -carboxyalkyl , C x - 



30 
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C 5 -alkoxy C 1 -C 5 -alkylcarbonyl , and NR 8 R 9 -C 1 -C 5 - 

alkylcarbonyl or NR 8 R 9 -C 1 -C 5 -alkyl wherein R 8 and R 9 
are independently hydrido, C 1 -C 5 -alkyl, C^-C^- 

alkoxycarbonyl or aryl-C 1 -C 5 -alkoxycarbonyl , or NR 8 R 9 

5 together form a heterocyclic ring containing 5- to 8- 
atoms in the ring; and 

n 

R' is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C 1 -C 6 - 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl , C^-Cg- 

10 carboxyalkyl and a C 1 -C 6 -hydroxyalkyl group. 

21. The process according to claim 20 
wherein R 3 is a single -ringed aryl or heteroaryl 
group that is 5- or 6-membered, and is itself 

15 substituted at its own 4 -position when a 6-membered 

ring or at its own 3- or 4 -position when a 5-membered 
ring with a substituent selected from the group 
consisting of one other single-ringed aryl or 
heteroaryl group, a C 3 -C 14 alkyl group, a N-piperidyl 

20 group, a N-piperazinyl group, a phenoxy group, a 

thiophenoxy group, a 4 -thiopyridyl group, a phenylazo 
group and a benzamido group. 

22. The process according to claim 20 

25 wherein R 3 has a length that is greater than that of 
a pentyl group and a length that is less than that of 
an icosyl group. 



30 



23. The process according to claim 20 
wherein Z is O, S or NR 6 . 
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24. The process according to claim 23 
wherein R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C^-Cg-alkoxy-C-L-Cg -alkyl, C^-Cg- 

5 alkyl, C 3 -C 6 -alkenyl , C 3 -Cg-alkynyl, amino-C-L-Cg- 
alkyl, aminosulfonyl, heteroaryl-C^-Cg -alkyl, 
aryloxycarbonyl , and C 1 -Cg-alkoxycarbonyl . 

25. The process according to claim 20 

10 wherein said R 3 radical is the substituent G-A-R-E-Y, 
wherein G is an aryl or heteroaryl group; 

A is selected from the group consisting of 

(1) -0-; 

(2) -S-; 

15 (3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 )-C0-, wherein R 17 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

(5) -CO-O- or -O-CO-; 

(6) -0-CO-0-; 
20 (7) -HC=CH-; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

(10) -NH-CO-0- or -0-CO-NH-; 

(11) -N=N- ; 

25 (12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C^-C^ -alkyl, or 
phenyl ; or 
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(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl, aryl, heteroaryl, 
5 cycloalkyl, heterocycloalkyl, aralkyl, heteroaralkyl, 
heterocycloalkylalkyl , cycloalkylalkyl , 
eye loalkoxy alkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl , heteroaryloxyalkyl , arylthioalkyl , 
heteroarylthioalkyl, cycloalkylthioalkyl , and a 

10 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 

15 perf luoroalkoxy, perf luoroalkyl thio, 

trif luoromethylalkyl , amino, alkoxycarbonylalkyl , 
a 1 koxy , C 1 -C 2 -al ky 1 ene - di oxy , hydr oxyc arbony 1 a 1 ky 1 , 

hydroxycarbonylalkylamino, nitro, hydroxy, 
hydroxyalkyl, alkanoylamino, and a a 1 koxy c arbony 1 
20 group, and R is other than alkyl or alkoxyalkyl when 
A is -O- or -S-; 

E is selected from the group consisting of 

(1) -CO(R 19 )- or -(R 19 )CO-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 

25 group; 

(2) -CONH- or -HNCO- ; and 

(3) -CO-; 

(4) -S0 2 -R 19 - or -Rl 9 -S0 2 -; 

(5) -S0 2 -; 

30 (6) -NH-S0 2 - or -S0 2 -NH- ; or 
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(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 
5 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy, heteroaralkyl , 
perfluoroalkoxy, perf luoroalkylthio, 
trifluoromethylalkyl, alkenyl, heterocycloalkyl, 
cycloalkyl, trif luoromethyl, alkoxycarbonyl , and a 

10 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

15 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 

20 26. The process according to claim 25 

wherein said -G-A-R-E-Y substituent contains two to 
four carbocyclic or heterocyclic rings. 

27. The process according to claim 26. 

25 wherein each of the two to four rings is 6-membered. 

28. The process according to claim 2 5 
wherein said -G-A-R-E-Y substituent has a length that 
is greater than a hexyl group and a length that is 

3 0 less than that of a stearyl group. 
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29. The process according to claim 25 
wherein A is -O- or -S-. 

30. The process according to claim 25 
wherein R is an aryl, heteroaryl, cycloalkyl or 
heterocycloalkyl group. 

31. The process according to claim 25 
wherein E is absent. 

32. The process according to claim 25 
wherein Y is selected from the group consisting of 
hydrido, an alkyl, alkoxy, perf luoroalkoxy and a 
perf luoroalkylthio group. 



33. The process according to claim 20 
wherein R 3 is a radical that is comprised of a 
single-ringed aryl or heteroaryl group that is 5- or 
6-membered, and is itself substituted at its own 4- 
20 position when a 6-membered ring and at its own 3- or 
4 -position when a 5-membered ring with a substituent 
selected from the group consisting of a thiophenoxy, 
4 -chlorophenoxy , 3 -chlorophenoxy , 4 -methoxyphenoxy , 

3- benzodioxol-5-yloxy, 3 , 4-dimethylphenoxy, 4- 
25 fluorophenoxy, 4-f luorothiophenoxy, phenoxy, 4- 

t r i f luorome t hoxy- phenoxy , 4 - 1 ri f luorome t hylphenoxy , 

4- (trifluoromethylthio) -phenoxy, 4- 

(trif luoromethylthio) -thiophenoxy, 4-chloro-3- 
f luorophenoxy , 4 - i sopropoxyphenoxy , 4 - 
3 0 isopropylphenoxy , ( 2 -methyl -1,3- benzothiazol - 5 - 
yl)oxy, 4- (lH-imidazol-l-yl) phenoxy, 4-chloro-3- 
met hylphenoxy , 3 -methylphenoxy , 4 -ethoxyphenoxy , 3,4- 
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difluorophenoxy, 4-chloro-3-methylphenoxy, 4-fluoro- 
3 -chlorophenoxy , 4 - ( 1H- 1,2, 4 - triazol - 1 -yl ) phenoxy , 
3,5-difluoropherioxy, 3 ,4-dichlorophenoxy, 4- 
cyclopentylphenoxy, 4-bromo-3-methylphenoxy, 4- 
5 bromophenoxy, 4 - methyl thiophenoxy, 4-phenylphenoxy, 
4 - benzylphenoxy , 6 - quinol inyloxy , 4 - amino - 3 - 
methylphenoxy, 3-methoxyphenoxy, 5 , 6, 7, 8-tetrahydro- 
2-naphthalenyloxy, 3-hydroxymethylphenoxy, N- 
piperidyl, N-piperazinyl and a 4-benzyloxyphenoxy 
10 group. 

34. The process according to claim 20 
wherein said inhibitor corresponds in structure to 
the formula 



15 




35. A process for treating a host mammal 
having a condition associated with pathological 
matrix metalloprotease (MMP) activity that comprises 

20 administering a metalloprotease inhibitor compound or 
a pharmaceutical ly acceptable salt thereof in an 
effective amount to a mammalian host having such a 
condition, said metalloprotease inhibitor inhibiting 
the activity of one or more of MMP-2, MMP-9 and MMP- 

25 13, while exhibiting substantially less inhibitory 
activity against MMP-1, said compound corresponding 
in structure to formula V, below 
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HO— HN 




V CF 3 



wherein 

Z is O, S or NR 6 ; 

5 W and Q are independently oxygen (O) , NR 6 

or sulfur (S) , 

R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C-L-Cg-alkyI, C 3 -C 6 -alkenyl , C 3 -C 6 - 

alkynyl, C 1 -C 6 -alkoxy-C 1 -C 6 -alkyl / amino-C-L-Cg-alkyl, 

1 0 aminosul f ony 1 , he teroaryl - C x - C 6 - al kyl , 

aryloxycarbonyl , and C 1 -C 6 -alkoxycarbonyl ; and 

q is zero or one such that when q is zero, 
Q is absent and the trif luoromethyl group is bonded 
directly to the depicted phenyl ring. 

15 

36. The process according to claim 35 
wherein q is zero. 

37. The process according to claim 35 
20 wherein W is O. 

38. The process according to claim 37 
wherein q is zero. 

25 39. The process according to claim 37 

wherein q is one and Q is O. 
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40. The process according to claim 37 
wherein q is one and Q is S. 



10 



15 



41. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 




42. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 




43. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 




44. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 
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HO. 




// ^ 

45- The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 



HO. 




46. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 



HO. 




10 47. The process according to claim 35 

wherein said inhibitor corresponds in structure to 
the formula 
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48. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 




49. The process according to claim 35 
wherein said inhibitor corresponds in structure to 
the formula 



HOHN 




10 50. The process according to claim 35 

wherein said inhibitor corresponds in structure to 
the formula 
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HOHN 




SCF 3 



51. The process according to claim 3 5 
wherein said inhibitor corresponds in structure to 
the formula 



HOHN 




52 . A compound corresponding in structure 
to formula II, below, or a pharmaceutically 
acceptable salt thereof: 



10 



R 14 0- 



(CH 2 ) n -Z^ 



-HN, 



\ 



(CH 




/ 

(CH 2 ) p 



SO2 



n 



-A R- 



wherein 



,14 



is hydrido, a pharmaceutically 



acceptable cation or C(W)R 15 where W is O or S and 



15 R 15 is selected from the group consisting of an C ± - 
Cg-alkyl, aryl, C 1 -C 6 -alkoxy, heteroaryl-C^^-Cg-alkyl, 
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C 3 -C 8 -cycloalkyl-C 1 -Cg-alkyl, aryloxy, ar-C^Cg- 
alkoxy, ar-C^^-Cg-alkyl , heteroaryl and amino C^Cg- 
alkyl group wherein the aminoalkyl nitrogen is (i) 
unsubstituted or (ii) substituted with one or two 
5 substituents independently selected from the group 
consisting of an C^-Cg-alkyl, aryl, ar-C-L-Cg-alkyI , 

C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, ar-C^-Cg- 
alkoxycarbonyl , C-L-Cg-alkoxycarbonyl, and C 1 -C 6 - 
alkanoyl radical, or (iii) wherein the amino C^-Cg- 
10 alkyl nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or heteroaryl 
ring; 

m is zero, 1 or 2 ; 
n is zero, 1 or 2; 
15 p is zero, 1 or 2; 

the sum ofm+n+p=l, 2, 3 or 4; 

(a) one of X, Y and Z is selected from the 

group consisting of C(O), NR 6 , O,. S, S(O), S(0) 2 and 
NS(0) 2 R 7 , and the remaining two of X, Y and Z are 

20 CR 8 R 9 , and CR 10 R 1:L , or 

(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

Of NR 6 C(0) / NR 6 S(0), NR 6 S(0) 2/ NR 6 S, NR 6 0, SS, NR 6 NR 6 

and 00(0), with the remaining one of X, Y and Z being 

25 CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 
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5 wherein wavy lines are bonds to the atoms 

of the depicted ring; 

R 6 and R 6 ' are independently selected from 
the group consisting of hydrido, C-L-Cg-alkanoyl, Cg- 

aryl-C^-Cg-alkyl, aroyl, bis (C-L-Cg-alkoxy-C-L-Cg- 

10 alkyl) -Ci-Cg-alkyl, C^-Cg-alkyl, Ci-Cg-haloalkyl , C x - 

Cg-perfluoroalkyl, C-L-Cg-trif luoromethylalkyl, C^-Cg- 
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perfluoroalkoxy-Cj^-Cg-alkyl, C-L-Cg-alkoxy-C-L-Cg- 
alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl, C 3 - 
Cg-heterocycloalkylcarbonyl, Cg-aryl, C 5 -C 6 - 
heterocyclo, C 5 -Cg-heteroaryl , C 3 -C 8 -cycloalkyl-C 1 - 
5 Cg-alkyl, Cg-aryloxy-C-L-Cg- alkyl, heteroaryloxy-C-L- 
Cg - alkyl , het eroaryl -C x -C 6 -alkoxy-Ci - C 6 - alkyl , 
heteroarylthio-Ci-Cg-alkyl, Cg-arylsulfonyl, C^Cg- 
alkylsulfonyl, C 5 -Cg-heteroarylsulfonyl, carboxy-Ci- 
C 6 - alkyl , C x - C 4 - alkoxycarbonyl -C x -C 6 - alkyl , 

10 aminocarbonyl , C^-Cg- alkyl iminocarbonyl , Cg- 
aryl iminocarbonyl , C 5 -Cg-heterocycloiminocarbonyl , 
Cg-arylthio-C-L -Cg-alkyl, Ci-Cg-alkylthio-C-L-Cg-alkyl, 
C 6 -arylthio-C 3 -Cg-alkenyl, C 1 -C 4 -alkylthio-C 3 -C 6 - 
alkenyl, Cs-Cg-heteroaryl-C-L-Cg-alkyl, halo-C^Cg- 

15 alkanoyl, hydroxy-^ -Cg -alkanoyl , thiol-C-L-Cg- 

alkanoyl, C 3 -C g -alkenyl, C 3 -C 6 -alkynyl, C 1 -C 4 -alkoxy- 
C 1 -C 4 -alkyl, C 1 -C 5 -alkoxycarbonyl, aryloxycarbonyl , 

N^^-C^^-Cs-alkylcarbonyl, hydroxy- C-^-^- alkyl, an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
20 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C 1 -Cg-alkyl, ar-C^Cg -alkyl, C 3 -C 8 - 

cycloalkyl and a C^Cg- alkanoyl group, 

hydroxyaminocarbonyl , an aminosulfonyl group wherein 
25 the aminosulfonyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
Ci-C 6 -alkyl, ar-Ci-Cg-alkyl, C 3 -C 8 -cycloalkyl and a 
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c l" c 6" alkan °y 1 group, an amino-C-L-Cg-alkylsulfonyl 
group wherein the amino-C^Cg-alkylsulf onyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
5 consisting of C^Cg-alkyl, ar-C^-Cg-alkyl, C 3 -C 8 - 

cycloalkyl and a C^-Cg-alkanoyl group and an amino - 
c l" c 6" alk y 1 9^oup wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
10 consisting of Ci-Cg-alkyl, ar-C^-Cg-allcyl, C 3 -C 8 - 
cycloalkyl and a C-L-Cg-alkanoyl group; 

R is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C^-Cg- 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl, C^-Cg- 

15 carboxyalkyl and a C^^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyl, aryl, ar-C-L-Cg-alkyl, 

heteroaryl, heteroar-C-L-Cg-alkyl , C 2 -Cg-alkynyl, C 2 - 

20 Cg-alkenyl, thiol-C-L-Cg-alkyl, C-L-Cg-alkylthio-C-L-Cg- 

alkyl cycloalkyl, cycloalkyl-^-Cg-alkyl, 

heterocycloalkyl-Ci-Cg-alkyl, C-L-Cg-alkoxy-C-L-Cg- 

alkyl, aralkoxy-C^-Cg-alkyl, Cx-Cg-alkoxy-C-L-Cg- 

alkoxy-Ci-Cg-alkyl , hydroxy-C-L-Cg-alkyl , 

25 hydroxycarbonyl-C-L-Cg-alkyl, hydroxycarbonylar-C-t-Cg- 

alkyl, aminocarbonyl-Cj^-Cg-alkyl, aryloxy-^-Cg- 

alkyl, heteroaryloxy-C-t-Cg-alkyl, arylthio-C-L-Cg- 

alkyl, heteroarylthio-C 1 -C 6 -alkyl, the sulfoxide or 
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sulfone of any said thio substituents, perf luoro-C^^- 
Cg-alkyl, trifluoromethyl-C 1 -C 6 -alkyl / halo-C^-Cg- 
alkyl, alkoxycarbonylamino-C-L-Cg-alkyl and an amino- 
c l" c 6" alk y 1 9 r °up wherein the aminoalkyl nitrogen is 
5 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C-L-Cg-alkyl, ar-C 1 -C 6 -alkyl / cycloalkyl 

and C^-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 

10 carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

15 sulfur, with the proviso that only one of R 8 and R 9 

or R 10 and R 11 is hydroxy; 

R 12 and R 12 1 are independently selected 
from the group consisting of a hydrido, C-L-Cg-alkyl, 

aryl, ar-C 1 -C 6 -alkyl , heteroaryl, heteroaralkyl, C 2 - 

20 C 6 -alkynyl, C 2 -C 6 -alkenyl , thiol-C-L-Cg-alkyl , 

cycloalkyl, cycloalkyl-C-L -Cg-alkyl , heterocycloalkyl- 

Ci-Cg -alkyl, C 1 -C 6 -alkoxy-C 1 «C 6 -alkyl, aryloxy-C^Cg- 

alkyl, amino-^ -Cg-alkyl, Ci-Cg-alkoxy-C-L-Cg-alkoxy- 

Cx-Cg-alkyl, hydroxy-C-L -Cg-alkyl, hydroxycarbonyl-C-L- 

25 Cg-alkyl, hydroxycarbonylar-C-L -Cg-alkyl, 

aminocarbonyl - C x -Cg - alkyl , aryloxy- C x - C 6 - alkyl , 

heteroaryloxy-C-L -Cg-alkyl, C 1 -Cg-alkylthio-C 1 -C 6 - 

alkyl, arylthio-C^^-Cg-alkyl, heteroarylthio-C 1 -C 6 - 
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alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C-L-Cg-alkyl, trif luoromethyl- 

c l" c 6~ alk y 1 ' halo-Ci-Cg-alkyl, alkoxycarbonylamino- 
c l" c 6" alJc y 1 and an amino -C^-Cg- alky 1 group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C-L-Cg-alkyl, 
ar-C-L-Cg-alkyl, cycloalkyl and C^-Cg-alkanoyl; 

R 13 is selected from the group consisting 
of a hydrido, benzyl, phenyl, C-j^-Cg-alkyl, C 2 -C 6 - 

alkynyl, C 2 -Cg-alkenyl and a C-L-Cg-hydroxyalkyl 
group ; and 

G-A-R-E-Y is a substituent that has a 
length greater than that of a pentyl group a length 
15 that is less than that of an icosyl group, and 
wherein 

G is an aryl or heteroaryl group; 
A is selected from the group consisting of 
(1) -0-; 
20 (2) -S-; 

(3) -NR 17 -; 

(4) -C0-N(R 17 ) or -N(R 17 )-C0-, wherein R 1 7 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

(5) -CO-O- or -0-CO-; 
25 (6) -0-CO-0-; 

(7) -HC=CH-; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

(10) -NH-CO-0- or -0-C0-NH-; 
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(11) -N=N- ; 

(12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C 1 -C 4 -alkyl, or 

5 phenyl ; or 

(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl, aryl, heteroaryl, 

10 cycloalkyl, heterocycloalkyl , aralkyl, heteroaralkyl , 
heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl, heteroaryloxyalkyl , arylthioalkyl , 
heteroaryl thioalkyl, cycloalkyl thioalkyl, and a 

15 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl , 

20 perfluoroalkoxy, perf luoroalkyl thio, 

trifluoromethylalkyl, amino, alkoxycarbonylalkyl, 
alkoxy, C 1 -C 2 -alkylene-dioxy / hydroxycarbonylalkyl, 

hydroxycarbonylalkylamino, nitro, hydroxy, 
hydroxyalkyl, alkanoylamino, and a alkoxycarbonyl 
25 group, and R is other than alkyl or alkoxyalkyl when 
A is -0- or -S-; 

E is selected from the group consisting of 

(1) -CO(R 19 )- or -(R 19 )CO-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 
30 group; 
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(2) 



-CONH- or -HNCO-; and 



(3) 



-CO-; 



(4) 



-S0 2 -R 19 - or -R 19 -S0 2 -; 



(5) 



-S0 2 -; 



5 



(6) 



-NH-S0 2 - or -S0 2 -NH-; or 



(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 

10 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy, heteroaralkyl, 
perf luoroalkoxy, perf luoroalkylthio, 
trif luoromethylalkyl , alkenyl , heterocycloalkyl , 
cycloalkyl, trif luoromethyl , alkoxycarbonyl , and a 

15 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

20 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 

25 53. The compound according to claim 52 

wherein said -G-A-R-E-Y substituent contains two to 
four carbocyclic or heterocyclic rings. 

54. The compound according to claim 52 
30 wherein each of the two to four rings is 6-membered. 
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55. The compound according to claim 52 
wherein said -G-A-R-E-Y substituent has a length that 
is greater than a hexyl group and a length that is 
less than that of a stearyl group. 

5 

56. The compound according to claim 52 
wherein A is -0- or -S-. 



57. The compound according to claim 52 
10 wherein R is an aryl, heteroaryl, cycloalkyl or 

heterocycloalkyl group. 

58. The compound according to claim 52 
wherein E is absent. 



15 



20 



59. The compound according to claim 52 
wherein Y is selected from the group consisting of 
hydrido, an alkyl, alkoxy, perf luoroalkoxy and a 
perfluoroalkylthio group. 

60. The compound according to claim 52 
wherein R 14 is hydrido. 



61. The compound according to claim 52 
25 wherein W of the C(W)R 15 is O and R 15 is a C x -C 6 - 
alkyl, aryl, C^-Cg-alkoxy, heteroaryl -C^-Cg -alkyl , 
C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl / or aryloxy group. 



62 . A compound corresponding in structure 
30 to formula III, below, or a pharmaceutical^ 
acceptable salt thereof 
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o 




m 



o 



wherein 

5 R 3 is a single- ringed aryl or heteroaryl 

group that is 5- or 6-membered, and is itself 
substituted at its own 4 -position when a 6-membered 
ring and at its own 3- or 4 -position when a 
5-membered ring with a substituent selected from the 
10 group consisting of a thiophenoxy, 4 -chloro -phenoxy, 

3 - chlorophenoxy , 4 -methoxyphenoxy , 3 -benzodioxol -5 - 
yloxy, 3 , 4 -dimethylphenoxy , 4 -f luorophenoxy , 4 - 
fluorothiophenoxy, phenoxy, 4-trifluoro- 
methoxyphenoxy , 4 - trif luoromethylphenoxy , 4 - 

15 (trifluoromethylthio)phenoxy, 4- (trif luoromethyl- 
thio) thiophenoxy, 4 -chloro-3 -f luorophenoxy , 4- 
isopropoxyphenoxy , 4 - isopropylphenoxy , (2 -methyl -1,3- 
benzothiazol - 5 -yl ) oxy , 4 - ( 1H- imidazol - 1 -yl ) phenoxy , 

4 - chloro -3 -methylphenoxy , 3 -methyl -phenoxy, 4 - 
20 ethoxyphenoxy, 3 , 4-dif luorophenoxy, 4-chloro-3- 

methylphenoxy, 4 -fluoro-3 -chlorophenoxy, 4- (1H-1,2,4- 
triazol-l-yl) phenoxy, 3 , 5 -dif luorophenoxy , 3,4- 
dichlorophenoxy , 4 -cyclopentylphenoxy , 4 -bromo-3 - 
methylphenoxy , 4 -bromophenoxy , 4 -methylthiophenoxy , 
25 4 -phenyl phenoxy, 4 -benzyl phenoxy, 6-quinolinyloxy, 4- 
amino-3 -methylphenoxy , 3 -methoxyphenoxy, 5,6,7,8- 
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tetrahydro-2-naphthalenyloxy, 3 -hydroxymethylphenoxy , 
and a 4-benzyloxyphenoxy group; 

R 14 is hydrido, a pharmaceutical]^ 

acceptable cation or C(W)R 15 where W is 0 or S and 

5 R 15 is selected from the group consisting of a C 1 -C 6 - 

alkyl, aryl, C-L-Cg-alkoxy, heteroaryl -C^-Cg -alky 1 , 

C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl, aryloxy, ar-C^-Cg- 

alkoxy, ar-C 1 -C 6 -alkyl / heteroaryl and amino C x -C 6 - 

alkyl group wherein the aminoalkyl nitrogen is (i) 

10 unsubstituted or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an C^-Cg-alkyl, aryl, ar-C-L-Cg-alkyI, 
C 3 -C 8 -cycloalkyl -C ± -Cg -alkyl , ar-C^ -Cg - 
alkoxycarbonyl , C^^-Cg-alkoxycarbonyl , and C^-Cg- 

15 alkanoyl radical, or (iii) wherein the amino C x -C 6 - 

alkyl nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or heteroaryl 
ring; 

m is zero, 1 or 2; 
20 n is zero, 1 or 2 ; 

p is zero, 1 or 2; 

the sum of m + n + p = 1, 2, 3 or 4; 

(a) one of X, Y and Z is selected from 
the group consisting of C(0), NR 6 , O, S, S (0) , S(0) 2 

25 and NS(0) 2 R 7 , and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R l:L , or 

(b) X and Z or Z and Y together 
constitute a moiety that is selected from the group 

consisting of NR 6 C(0), NR 6 S (0) , NR 6 S(0) 2 , NR 6 S, NR 6 0, 
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SS, NR 6 NR 6 and OC(O), with the remaining one of X, Y 
and Z being CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
5 consisting of 



R 6 v 



0 

II 
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wherein wavy lines are bonds to the atoms 
of the depicted ring; 

R 6 and R 6 ' are independently selected from 
the group consisting of hydrido, C-L-Cg-alkanoyl , C 6 - 
5 aryl-C-L-Cg-alkyl, aroyl, bis (C-L-Cg-alkoxy-C-L-Cg- 

alkyD-Ci-Cg-alkyl, Ci-Cg-alkyI, C-L-Cg-haloalkyl , C^- 
Cg-perfluoroalkyl, C^-Cg-trif luoromethylalkyl , C^-Cg- 
perf luoroalkoxy-C-L -Cg -alkyl , C x -C 6 -alkoxy-Ci -Cg - 
alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl, C 3 - 

10 C 8 -heterocycloalkylcarbonyl, Cg-aryl, C 5 -C 6 - 

heterocyclo, C 5 -Cg-heteroaryl, Cs-Cg-cycloalkyl-C!- 
C 6 -alkyl, Cg-aryloxy-C-L-Cg -alkyl, heteroaryloxy-C!- 
Cg-alkyl, heteroaryl-C-L-Cg-alkoxy-C^^-Cg-alkyl, 
heteroarylthio-Ci-Cg-alkyl, Cg-arylsulfonyl , (^-Cg- 

15 alkylsulfonyl, C 5 -Cg-heteroarylsulfonyl , carboxy-C-L- 
Cg-alkyl, C-L-C^-alkoxycarbonyl-C-L-Cg-alkyl, 
aminocarbonyl , C^-Cg-alkyliminocarbonyl, Cg- 
aryl iminocarbonyl, C 5 -Cg-heterocycloiminocarbonyl, 
Cg-arylthio-C-L-Cg- alkyl, C-L-Cg-alkylthio-C-L-Cg-alkyl, 

20 Cg-arylthio-C 3 -C 6 -alkenyl, C-L-C^alkylthio-C-j-Cg- 
alkenyl, Cs-Cg-heteroaryl-C-L-Cg- alkyl, halo-C^Cg- 
alkanoyl, hydroxy-^ -C 6 -alkanoyl, thiol-C-L-Cg- 
alkanoyl, C 3 -C 6 -alkenyl , C 3 -C 6 -alkynyl , Cj.-C^-alkoxy- 
C 1 -C 4 -alkyl, C 1 -C 5 -alkoxycarbonyl, aryloxycarbonyl , 

25 NR 8 R 9 -C 1 -C 5 -alkylcarbonyl, hydroxy-C-L -C 5 -alkyl , an 
aminocarbonyl wherein the aminocarbonyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
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consisting of C^^-Cg-alkyl, ar-C 1 -C 6 -alkyl , C 3 -C 8 - 

cycloalkyl and a C 1 -C 6 -alkanoyl group, 

hydroxyaminocarbonyl , an aminosulfonyl group wherein 
the aminosulfonyl nitrogen is (i) unsubstituted or 
5 (ii) substituted with one or two radicals 

independently selected from the group consisting of 
C-L-Cg-alkyl, ar-C-L-Cg-alkyI , C 3 -C 8 -cycloalkyl and a 

c l" c 6" alkan °y 1 group, an amino-C 1 -C 6 -alkylsulf onyl 
group wherein the amino-C^-Cg-alkylsulfonyl nitrogen 

10 is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C 1 -C g -alkyl / C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group and an amino - 
Cl-C 6 ~alkyl 9 r °up wherein the aminoalkyl nitrogen is 

15 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C 1 -C 6 -alkyl / ar-C^-Cg-alkyl, C 3 -C 8 - 
cycloalkyl and a C^^-Cg-alkanoyl group; 

R 7 is selected from the group consisting of 
20 a arylalkyl, aryl, heteroaryl, heterocyclo, C 1 -C 6 - 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl, C^-Cg- 

carboxyalkyl and a C^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
25 hydroxy, C^-Cg-alky!, aryl, ar-C^-Cg-alky!, 

heteroaryl, heteroar-C 1 -C 6 -alkyl , C 2 -C 6 -alkynyl, C 2 - 

C 6 -alkenyl, thiol-C 1 -C 6 -alkyl , C 1 -C 6 -alkylthio-C 1 -C 6 - 

alkyl cycloalkyl, cycloalkyl-C 1 -C 6 -alkyl, 

heterocycloalkyl-C 1 -C 6 -alkyl, C 1 -C 6 -alkoxy-C 1 -C 6 - 
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alkyl, aralkoxy-C^-Cg-alkyl, C 1 -C 6 -alkoxy-C 1 -Cg- 

alkoxy-C-L-Cg-alkyl, hydroxy-C 1 -C 6 -alkyl / 

hydroxycarbonyl-C 1 -C 6 -alkyl , hydroxycarbonylar-C^Cg- 

alkyl, aminocarbonyl-C-L-Cg-alkyl, aryloxy-C 1 -C 6 - 

5 alkyl, heteroaryloxy-C-L-Cg -alkyl, arylthio-C^^-Cg- 

alkyl, heteroarylthio-C-L-Cg-alkyl, the sulfoxide or 

sulfone of any said thio substituents, perf luoro-C-L- 

Cg-alkyl, trifluoromethyl-C^-Cg-alkyl, halo-C 1 -C 6 - 

alkyl, alkoxycarbonylamino-C^-Cg -alkyl and an amino- 

10 C-L-Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^-Cg-alkyl, ar-Ci-Cg-alkyI , cycloalkyl 

and C-L-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 
15 R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
20 one or two heteroatoms that are nitrogen, oxygen, or 
sulfur, with the proviso that only one of R 8 and R 9 
or R 10 and R 11 is hydroxy; 

R 12 and R 12 ' are independently selected 
from the group consisting of a hydrido, C 1 -C 6 -alkyl, 
25 aryl, ar-C^-Cg -alkyl, heteroaryl, heteroaralkyl, C 2 - 
Cg-alkynyl, C 2 -C 6 -alkenyl , thiol-C-L-Cg-alkyl, 
cycloalkyl, cycloalkyl-C-L-Cg-alkyl, heterocycloalkyl- 
C^-Cg-alky!, C-L-Cg-alkoxy-C-L-Cg-alkyl , aryloxy-C^^-Cg- 
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alkyl, amino-C 1 -C 6 -alkyl, C 1 -C 6 -alkoxy-C 1 -C 6 -alkoxy- 
c l -Cg -alkyl , hydroxy- C x -C 6 - alkyl , hydroxycarbonyl - - 
Cg-alkyl, hydroxycarbonylar-C 1 -C 6 -alkyl # 
aminocarbonyl-C-L -Cg-alkyl, aryloxy-C-L -Cg -alkyl , 
5 heteroaryloxy-C 1 -C 6 -alkyl / C 1 -C 6 -alkylthio-C 1 -C 6 - 
alkyl, arylthio-C-L -Cg-alkyl, heteroarylthio-Ci -Cg- 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C-L-Cg-alkyl , trif luoromethyl- 

C-^-Cg- alkyl, halo-Ci -Cg-alkyl, alkoxycarbonylamino- 

10 C-L-Cg-alkyl and an amino -C 1 -C 6 - alkyl group wherein 

the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C^-Cg- alkyl, 

ar-C-L-Cg -alkyl, cycloalkyl and C^-Cg-alkanoyl ; and 

15 R 13 is selected from the group consisting 

of a hydrido, benzyl, phenyl, C^-Cg -alkyl, C 2 -Cg- 

alkynyl, C 2 -Cg-alkenyl and a C 1 -Cg- hydroxy alkyl 

group . 

20 63. The compound according to claim 62 

wherein the sum ofm+n+p= 1 or 2 . 

64 . The compound according to claim 62 
wherein Z is O, S or NR 6 . 

25 

65. The compound according to claim 62 

wherein R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C-L-Cg-alkyl, C 3 -C 6 -alkenyl , C 3 -C 6 - 

alkynyl, C^-Cg-alkoxy-C^-Cg-alkyl , amino-C 1 -C 6 -alkyl , 
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aminosulf onyl , heteroaryl - c x -Cg - alkyl , 
aryloxycarbonyl , and C^Cg-alkoxycarbonyl . 

66. The compound according to claim 62 
wherein m = n = zero, p= 1, and Y is NR 6 . 
5 67. The compound according to claim 62 

wherein R 14 is hydrido. 

68. The compound according to claim 62 
wherein W of the C(W)R 15 is 0 and R 15 is a C^-Cg- 
10 alkyl, aryl, C^-Cg-alkoxy, heteroaryl -C^ -Cg-alkyl , 
C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl / or aryloxy group. 



69. A compound corresponding in structure 
to formula IV, below, or a pharmaceutical^ 
15 acceptable salt thereof 




O 

IV 



wherein R 3 is a single-ringed aryl or 
heteroaryl group that is 5- or 6-membered, and is 

20 itself substituted at its own 4-position when a 

6-membered ring or at its own 3- or 4-position when a 
5-membered ring with a substituent selected from the 
group consisting of one other single-ringed aryl or 
heteroaryl group, a C 3 -C 14 alkyl group, a N-piperidyl 

25 group, a N-piperazinyl group, a phenoxy group, a 
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thiophenoxy group, a 4-thiopyridyl group, a phenylazo 
group and a benzamido group; and 

Z is selected group the group consisting of 

0, S, NR 6 , SO, S0 2 , and NS0 2 R 7 / 

5 wherein R 6 is selected from the group 

consisting of hydrido, C 1 -C 5 -alkyl, C 1 -C 5 -alkanoyl f 

benzyl, benzoyl, C 3 -C 5 -alkynyl, C 3 -C 5 -alkenyl, C-l-CV 
alkoxy-C^^-^-alkyl, C 3 -C 6 -cycloalkyl , heteroaryl-C-L- 
C 6 -alkyl, Ci-Cs-hydroxyalkyl, C 1 -C 5 -carboxyalkyl, C x - 
10 C 5 -alkoxy C 1 -C 5 -alkylcarbonyl , and NR 8 R 9 ~C 1 -C 5 - 

alkylcarbonyl or NR 8 R 9 -C 1 -C 5 -alkyl wherein R 8 and R 9 
are independently hydrido, C 1 -C 5 -alkyl, C 1 -C 5 - 

alkoxycarbonyl or aryl-C 1 -C 5 -alkoxycarbonyl, or NR 8 R 9 

together form a heterocyclic ring containing 5- to 8- 
15 atoms in the ring; and 

R 7 is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C x -C 6 - 

alkyl, C 3 -C 6 -alkynyl / C 3 -C 6 -alkenyl , C x -C 6 - 

carboxyalkyl and a C^C^-hydroxyalkyl group. 

20 

70. The compound according to claim 69 
wherein R 3 has a length that is greater than that of 
a pentyl group and a length that is less than that of 
an icosyl group.* 

25 

71. The compound according to claim 69 
wherein Z is 0, S or NR 6 . 
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72. The compound according to claim 69 
wherein R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C-L-Cg-alkoxy-Ci-Cg-alkyl, C^Cg- 

alkyl, C 3 -C 6 -alkenyl, C 3 -C 6 -alkynyl, amino-Cj^-Cg- 
5 alkyl, aminosulfonyl, heteroaryl-Ci-Cg -alkyl, 
aryloxycarbonyl, and C-L-Cg-alkoxycarbonyl . 



10 



15 



20 



25 



73. The compound according to claim 69 

wherein said R 3 radical is the substituent G-A-R-E-Y, 
wherein 

G is an aryl or heteroaryl group; 
A is selected from the group 

consisting of 

(1) -0-; 

(2) -S-; 

(3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 )-CO-, wherein R 17 
is hydrogen, C^C^ -alkyl, or phenyl; 

(5) -CO-O- or -0-CO-; 

(6) -0-CO-0-; 

(7) -HC=CH- ; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

(10) -NH-CO-O- or -O-CO-NH- ; 

(11) -N=N- ; 

(12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen C 1 -C 4 -alkyl, or 
phenyl ; or 
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(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl, aryl, heteroaryl, 
5 cycloalkyl, heterocycloalkyl, aralkyl, heteroaralkyl, 
heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl, heteroaryloxyalkyl , arylthioalkyl, 
heteroarylthioalkyl, cycloalkyl thioalkyl, and a 

10 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 

15 perf luoroalkoxy , perf luoroalkylthio , 

trifluoromethylalkyl, amino, alkoxycarbonylalkyl, 
alkoxy, C 1 -C 2 -alkylene-dioxy, hydroxycarbonylalkyl , 
hydroxycarbonylalkylamino , nitro , hydroxy, 
hydroxyalkyl , alkanoylamino, and a alkoxycarbonyl 

20 group, and R is other than alkyl or alkoxyalkyl when 
A is -O- or -S- ; 

E is selected from the group consisting of 

(1) -CO(R 19 )- or -(R 19 )CO-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 

25 group; 

(2) -CONH- or -HNCO- ; and 

(3) -CO-; 

(4) -S0 2 -R 19 - or -Rl9. S 0 2 -; 

(5) -S0 2 -; 

30 (6) -NH-S0 2 - or -S0 2 -NH- ; or 
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(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 
5 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy, heteroaralkyl , 
perfluoroalkoxy, perf luoroalkylthio, 
trifluoromethylalkyl, alkenyl, heterocycloalkyl, 
cycloalkyl, trif luoromethyl, alkoxycarbonyl , and a 

10 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

15 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 



20 74. The compound according to claim 69 

wherein said -G-A-R-E-Y substituent contains two to 
four carbocyclic or heterocyclic rings. 

75. The compound according to claim 69 

25 wherein each of the two to four rings is 6-membered. 

76. The compound according to claim 69 
wherein said -G-A-R-E-Y substituent has a length that 
is greater than a hexyl group and a length that is 

30 less than that of a stearyl group. 
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77. The compound according to claim 69 
wherein A is -0- or -S-. 

78. The compound according to claim 69 
wherein R is an aryl, heteroaryl, cycloalkyl or 
heterocycloalkyl group. 

79. The compound according to claim 69 
wherein E is absent. 

80. The compound according to claim 69 
wherein Y is selected from the group consisting of 
hydrido, an alkyl, alkoxy, perf luoroalkoxy and a 
perf luoroalkylthio group. 



81. The compound according to claim 69 
wherein R 3 is a radical that is comprised of a 
single- ringed aryl or heteroaryl group that is 5- or 
6-membered, and is itself substituted at its own 4- 
position when a 6-membered ring and at its own 3- or 
4 -position when a 5-membered ring with a substituent 
selected from the group consisting of a thiophenoxy, 
4-chlorophenoxy, 3-chlorophenoxy, 4-methoxyphenoxy, 

3- benzodioxol-5-yloxy, 3 , 4-dimethylphenoxy, 4- 
25 f luorophenoxy, 4-f luorothiophenoxy, phenoxy, 4- 

trif luoromethoxy-phenoxy , 4 - trif luoromethylphenoxy , 

4- (trif luoromethylthio) phenoxy, 4- 

(trif luoromethylthio) thiophenoxy f 4-chloro-3- 
f luorophenoxy , 4 - isopropoxyphenoxy , 4 - 
3 0 i sopropyl phenoxy , ( 2 -methyl - 1 , 3 -benzothiazol - 5 - 
yl ) oxy , 4 - ( 1H- imidazol - 1 -yl ) phenoxy , 4 - chloro- 3 - 
methylphenoxy, 3 -methylphenoxy, 4-ethoxyphenoxy, 3,4- 
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difluorophenoxy, 4-chloro-3-methylphenoxy, 4-fluoro- 

3 - chlorophenoxy , 4 - ( 1H - 1 , 2 , 4 - 1 r ia zol - 1 -y 1 ) phenoxy , 
3 , 5-dif luorophenoxy, 3 , 4 -di chlorophenoxy, 4- 
cyclopentylphenoxy, 4-bromo-3-methylphenoxy, 4 - 

5 bromophenoxy, 4-methylthiophenoxy, 4 -phenylphenoxy, 

4- benzylphenoxy, 6-quinolinyloxy, 4-amino-3- 
methylphenoxy , 3 -methoxyphenoxy , 5,6,7, 8 - tetrahydro- 
2-naphthalenyloxy, 3-hydroxymethylphenoxy, N- 
piperidyl, N-piperazinyl and a 4 -benzyl oxyphenoxy 

10 group. 

82. The compound according to claim 69 
wherein said R 3 group is a PhR 23 group, wherein Ph is 
a phenyl ring that is substituted at its 4 -position 

15 by an R 23 group that is a substituent selected from 

the group consisting of another single- ringed aryl or 
heteroaryl group, a piperidyl group, a piperazinyl 
group, a phenoxy group, a thiophenoxy group, a 
phenylazo group and a benzamido group. 

20 

83 . The compound according to claim 82 
wherein said R 23 group is itself substituted with a 
moiety that is selected from the group consisting of 
a halogen, a C1-C4 alkoxy group, a C1-C4 alkyl group, 

25 a dimethylamino group, a carboxyl Cx-C3 alkyl ene 

group, a C!-C 4 alkoxy carbonyl C!-C 3 alkylene group, 
a trif luoromethylthio group, a trif luoromethoxy 
group, a trif luoromethyl group and a carboxamido Ci« 
C 3 alkylene group, or is substituted at the meta- and 

30 para -posit ions by a methyl enedioxy group. 
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84. The compound according to claim 83 
wherein said R 2 3 group is substituted at the para- 
position. 

5 85. The compound according to claim 84 

wherein said R 23 group is phenoxy. 

86. The compound according to claim 69 
wherein said inhibitor corresponds in structure to 
10 the formula 



HOHN 




87. A compound corresponding in structure 
to formula V, below, or a pharmaceutical^ acceptable 
15 salt thereof 
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W and Q are independently oxygen (O) , NR 6 
or sulfur (S) , 

R 6 is selected from the group consisting of 
C 3 -C 6 -cycloalkyl, C^-Cg-alky!, C 3 -C 6 -alkenyl , C 3 -C 6 - 
5 alkynyl, C 1 -C 6 -alkoxy-C 1 -C 6 -alkyl # amino-C^-Cg-alkyl, 
aminosulf onyl , heteroaryl -C x -C 6 -alkyl , 
aryloxycarbonyl , and Ci-Cg-alkoxycarbonyl; and 

q is zero or one such that when q is zero, 
Q is absent and the trif luoromethyl group is bonded 
10 directly to the depicted phenyl ring. 

88. The compound according to claim 87 
wherein q is zero. 

15 89, The compound according to claim 87 

wherein W is O. 

90. The compound according to claim 89 
wherein q is zero. 

20 

91. The compound according to claim 89 
wherein q is one and Q is 0. 

92. The compound according to claim 89 
25 wherein q is one and Q is S. 

93. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 
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94, The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 



5 




95. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 




10 96. The compound according to claim 87 

wherein said inhibitor corresponds in structure to 
the formula 
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97. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 




98. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 




10 



99. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 



HO. 




100. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
15 the formula 
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°^CH 3 

101. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 



HOHN 



5 




102. The compound according to claim 87 
wherein said inhibitor corresponds in structure to 
the formula 




103. The compound according to 87 wherein 
said inhibitor corresponds in structure to the 
formula 
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104. An intermediate compound 
corresponding in structure to formula VI, below 

5 



(CH 2 )n-Z. 




O 

VI 



wherein 

g is zero, 1 or 2; 

R 3 is an optionally substituted aryl or 
optionally substituted heteroaryl radical, and when 
said aryl or heteroaryl radical is substituted, the 
substituent is (a) selected from the group consisting 
of an optionally substituted cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl , aralkoxy, heteroaralkoxy, 
aralkoxyalkyl , aryloxyalkyl , aralkanoylalkyl, 
arylcarbonylalkyl , aralkylaryl , aryloxyalkylaryl , 
aralkoxyaryl , arylazoaryl, arylhydrazinoaryl, 
alkylthioaryl , arylthioalkyl, alkylthioaralkyl , 



10 



15 



20 
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aralkylthioalkyl , an aralkylthioaryl radical, the 
sulfoxide or sulfone of any of the thio substituents, 
and a fused ring structure comprising two or more 5- 
or 6-membered rings selected from the group 
5 consisting of aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, and (b) is itself optionally 
substituted with one or more substituents 
independently selected from the group consisting of a 
cyano, perf luoroalkyl, trif luoromethoxy, 
10 trifluoromethylthio, haloalkyl, trif luoromethylalkyl, 
aralkoxycarbonyl, aryloxycarbonyl , hydroxy, halo, 
alkyl, alkoxy, nitro, thiol, hydroxycarbonyl , 
aryloxy, arylthio, aralkyl, aryl, arylcarbonylamino, 
heteroaryloxy, heteroarylthio, heteroaralkyl, 
15 cycloalkyl, heterocyclooxy, heterocyclothio, 

heterocycloamino, cycloalkyloxy, cycloalkylthio, 
heteroaralkoxy, heteroaralkyl thio, aralkoxy, 
aralkylthio, aralkylamino, heterocyclo, heteroaryl, 
arylazo, hydroxycarbonyl alkoxy, alkoxycarbonylalkoxy, 
20 alkanoyl, arylcarbonyl , aralkanoyl, alkanoyloxy, 
aralkanoyloxy, hydroxyalkyl , hydroxyalkoxy, 
alkylthio, alkoxyalkylthio, alkoxycarbonyl , 
aryloxyalkoxyaryl , arylthioalkylthioaryl , 
aryloxyalkylthioaryl , arylthioalkoxyaryl , 
25 hydroxycarbonylalkoxy, hydroxycarbonylalkylthio, 

alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 
wherein the amino nitrogen is (i) unsubstituted, 
or (ii) substituted with one or two substituents 
that are independently selected from the group 
30 consisting of an alkyl, aryl, heteroaryl, 

aralkyl, cycloalkyl, aralkoxycarbonyl, 
alkoxycarbonyl, arylcarbonyl, aralkanoyl, 
heteroarylcarbonyl, heteroaralkanoyl and an 
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alkanoyl group, or (iii) wherein the amino 
nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or 
heteroaryl ring containing zero to two 
5 additional heteroatoms that are nitrogen, oxygen 

or sulfur and which ring itself is (a) 
unsubstituted or (b) substituted with one or two 
groups independently selected from the group 
consisting of an aryl, alkyl, heteroaryl, 

10 aralkyl, heteroaralkyl, hydroxy, alkoxy, 

alkanoyl, cycloalkyl, heterocycloalkyl , 
alkoxycarbonyl , hydroxyalkyl , trif luoromethyl , 
benzofused heterocycloalkyl, hydroxyalkoxyalkyl , 
aralkoxycarbonyl , hydroxycarbonyl , 

15 aryloxycarbonyl , benzofused heterocycloalkoxy, 

benzofused cycloalkylcarbonyl, heterocyclo- 
alkylcarbonyl , and a cycloalkylcarbonyl group, 
c a rbony 1 ami no 

wherein the carbonylamino nitrogen is (i) 

20 unsubstituted, or (ii) is the reacted amine of 

an amino acid, or (iii) substituted with one or 
two radicals selected from the group consisting 
of an alkyl, hydroxyalkyl, hydroxyheteroaralkyl , 
cycloalkyl, aralkyl, trif luoromethylalkyl , 

25 heterocycloalkyl, benzofused heterocycloalkyl, 

benzofused heterocycloalkyl, benzofused 
cycloalkyl, and an N,N-dialkylsubstituted 
alkylamino-alkyl group, or (iv) the carboxamido 
nitrogen and two substituents bonded thereto 

30 together form a 5- to 8-membered heterocyclo, 

heteroaryl or benzofused heterocycloalkyl ring 
that is itself unsubstituted or substituted with 
one or two radicals independently selected from 
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the group consisting of an alkyl, 
alkoxycarbonyl , nit ro , heterocycloalkyl , 
hydroxy, hydroxycarbonyl , aryl, aralkyl, 
heteroaralkyl and an amino group, 
5 wherein the amino nitrogen is 

(i) unsubstituted, or (ii) substituted with 
one or two substituents that are 
independently selected from the group 
consisting of alkyl, aryl, and heteroaryl, 
10 or (iii) wherein the amino nitrogen and two 

substituents attached thereto form a 5- to 
8-membered heterocyclo or heteroaryl ring, 
and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) 
15 unsubstituted, or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an alkyl, aryl, aralkyl, cycloalkyl, 
aralkoxycarbonyl , alkoxycarbonyl, and an alkanoyl 
group, or (iii) wherein the aminoalkyl nitrogen and 
20 two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring, or is 
an aryl or heteroaryl group that is substituted with 
a nucleophilically displaceable leaving group; 
m is zero, 1 or 2 ; 
25 n is zero, 1 or 2; 

p is zero, 1 or 2 ; 

the sum of m + n + p = 1, 2, 3 or 4; 
(a) one of X, Y and Z is selected from the 
group consisting of C(O) , NR 6 , O, S, S(0), S(0) 2 and 
30 NS(0) 2 R 7 , and the remaining two of X, Y and Z are 
CR 8 R 9 , and CR 10 R 1:L , or 
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(b) X and Z or Z and Y together constitute 
a moiety that is selected from the group consisting 

of NR 6 C(0), NR 6 S(0) / NR 6 S(0) 2 , NR 6 S, NR 6 0, SS, NR 6 NR 6 

and 00(0), with the remaining one of X, Y and Z being 

5 CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 
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wherein wavy lines are bonds to the atoms 
of the depicted ring; 

5 R 6 and R 6 ' are independently selected from 

the group consisting of hydrido, Cj^-Cg-alkanoyl, Cg- 

aryl-Cj^-Cg-alkyl, aroyl, bis (C 1 -C 6 -alkoxy-C 1 -C 6 - 

alkyl) -C-L-Cg-alkyl, C 1 -C 6 -alkyl / C^-Cg-haloalkyl, C r 

Cg-perf luoroalkyl, C-L-Cg-trif luoromethylalkyl , C x -Cg 

10 perfluoroalkoxy-C 1 -C 6 -alkyl / C 1 -C 6 -alkoxy-C 1 -C 6 - 

alkyl, C 3 -C 6 -cycloalkyl / C 3 -C 8 -heterocycloalkyl, C 3 - 
C 8 -heterocycloalkylcarbonyl , Cg -aryl , C 5 -Cg - 
heterocyclo, C 5 -Cg-heteroaryl , C3-C 8 -cycloalkyl-C 1 - 
Cg-alkyl, Cg-aryloxy-C 1 -C 6 -alkyl, heteroaryloxy-C-L- 

15 Cg-alkyl, heteroaryl-C 1 -Cg-alkoxy-C 1 -C 6 -alkyl , 

heteroarylthio-C^-Cg-alkyl, Cg-arylsulfonyl, C 1 -Cg- 
alkylsulfonyl, C 5 -Cg-heteroarylsulfonyl , carboxy-C]^- 
Cg -alkyl, C 1 -C 4 -alkoxycarbonyl-C 1 -C 6 -alkyl / 
aminocarbonyl , C 1 -C 6 - alkyl iminocarbonyl , Cg - 
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aryl iminocarbonyl , C 5 -C 6 -het erocycloiminocarbonyl , 
Cg-arylthio-Ci-Cg-alkyl, C-^Cg-alkylthio-C-L-Cg-alkyl, 
C 6 -arylthio-C 3 -C 6 -alkenyl, C 1 -C 4 -alkylthio-C 3 -Cg- 
alkenyl, Cg-Cg-heteroaryl-C^-Cg-alkyl , halo-C^-Cg- 
5 alkanoyl, hydroxy-C-L-Cg-alkanoyl , thiol-C-L-Cg- 

alkanoyl, C 3 -C 6 -alkenyl, C 3 -Cg-alkynyl, C 1 -C 4 -alkoxy- 
C x -C 4 -alkyl , C 1 -C 5 -alkoxycarbonyl , aryloxycarbonyl , 

NR 8 R 9 -C 1 -C 5 -alkylcarbonyl, hydroxy-C-L-Cs-alkyl, an 
aminocarbonyl wherein the aminocarbonyl nitrogen is 

10 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C-L-Cg-alkyI, ar-^-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group, 
hydroxyaminocarbonyl , an aminosulfonyl group wherein 

15 the aminosulfonyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
C-L-Cg-alkyl, ar-C-L-Cg-alkyI, C 3 -C 8 -cycloalkyl and a 
Cx-Cg -alkanoyl group, an amino-C-L-Cg-alkylsulfonyl 

20 group wherein the amino-C 1 -C 6 -alkylsulfonyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C-L-Cg-alkyl, ar-C-L-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group and an amino- 

25 C^-Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C-L-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a C-L-Cg-alkanoyl group; 
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R 7 is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C 1 -C 6 - 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl , C-^Cg- 

carboxyalkyl and a C^-Cg-hydroxyalkyl group; 

5 R 8 and R 9 and R 10 and R 11 are independently 

selected from the group consisting of a hydrido, 
hydroxy, C-^Cg -alkyl, aryl, ar-C 1 -C 6 -alkyl / 

heteroaryl, heteroar-C^-Cg-alkyl , C 2 -Cg-alkynyl , C 2 - 

Cg-alkenyl, thiol-C 1 -Cg-alkyl , C 1 -Cg-alkylthio-C 1 -Cg- 

10 alkyl cycloalkyl, cycloalkyl -C^Cg -alkyl, 

heterocycloalkyl -C^Cg -alkyl , C x - Cg -alkoxy-Ci -Cg - 
alkyl, aralkoxy-C 1 -C 6 -alkyl, C-L-Cg-alkoxy-C-L-Cg- 
alkoxy-C^^-Cg -alkyl, hydroxy-C 1 -Cg -alkyl , 
hydroxy carbonyl -C x -Cg -alkyl , hydroxycarbonylar-C-L -Cg - 

15 alkyl, aminocarbonyl -C^-Cg -alkyl , aryloxy-C^Cg- 
alkyl, heteroaryloxy-C 1 -C 6 -alkyl, arylthio-CQ^-Cg- 
alkyl, heteroaryl thio-C 1 -C 6 -alkyl, the sulfoxide or 
sulfone of any said thio substituents, perf luoro-C^^- 
Cg-alkyl, trifluoromethyl-C^Cg -alkyl, halo-C^Cg- 

20 alkyl, a Ikoxy carbonyl amino -C x -C 6 -alkyl and an amino- 

C^Cg -alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^^-Cg-alkyl, ar-C 1 -C 6 -alkyl, cycloalkyl 

25 and C 1 -Cg-alkanoyl , or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 
or R 8 and R 10 together with the atoms to which they 
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are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

sulfur, with the proviso that only one of R 8 and R 9 

5 or R 10 and R 11 is hydroxy; 

R 12 and R 12 ' are independently selected 
from the group consisting of a hydrido, C^-Cg-alkyl, 
aryl, ar-C^Cg -alkyl, heteroaryl, heteroaralkyl, C 2 - 
Cg-alkynyl, C 2 -C 6 -alkenyl, thiol -c x -C 6 -alkyl , 
10 cycloalkyl, cycloalkyl -C^-Cg -alkyl, heterocycloalkyl- 
c l _c 6* alk y 1 ' Cx-Cg-alkoxy-Ci-Cg-alkyl, aryloxy-C^-Cg- 
alkyl, amino-C-L-Cg-alkyl, Ci-Cg-alkoxy-C^-Cg-alkoxy- 
Cx-Cg-alkyl, hydroxy-Cj^-Cg- alkyl , hydroxycarbonyl-C-L- 
C 6 -alkyl , hydroxycarbonylar-C 1 -C 6 -alkyl , 
15 aminocarbonyl-C^-Cg-alkyl, aryloxy-C^ -Cg -alkyl , 

heteroaryloxy-C-L-Cg -alkyl , C x -C 6 -alkylthio -C x -Cg - 
alkyl, arylthio-C^-Cg- alkyl, heteroarylthio-Cj^-Cg- 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C^-Cg-alkyl, trif luoromethyl- 
20 C^-Cg-alkyl, halo-Ci-Cg-alkyI , alkoxycarbonylamino- 
Ci-Cg-alkyl and an amino -C^-Cg -alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C-L-Cg-alkyl, 
25 ar-C-L-Cg -alkyl, cycloalkyl and C^^-Cg-alkanoyl ; 

R is selected from the group consisting 
of a hydrido, benzyl, phenyl, Cj^-Cg-alkyl, C 2 -Cg- 
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alkynyl, C 2 -C 6 -alkenyl and a Ci-Cg-hydroxyalkyl 
group ; and 

R 20 is (a) -O-R 21 , where R 21 is selected 
from the group consisting of a hydrido, C^-Cg-alkyl, 
5 aryl, ar-C^-Cg-alkyl group and a pharmaceutical ly 

acceptable cation, or (b) -NH-O-R 22 wherein R 22 is a 
selectively removable protecting group. 

105. The intermediate compound according 
10 to claim 104 wherein R 3 is the substituent G-A-R-E-Y 
wherein 

G is an aryl or heteroaryl group; 
A is selected from the group consisting of 
(1) -0-; 
15 (2) -S-; 

(3) -NR 17 -; 

(4) -CO-N(R 17 ) or -N(R 17 )-CO-, wherein R 17 
is hydrogen, C 1 -C 4 -alkyl, or phenyl; 

(5) -CO-O- or -0-CO-; 
20 (6) -0-CO-0-; 

(7) -HC=CH-; 

(8) -NH-CO-NH-; 

(9) -CsC-; 

(10) -NH-CO-O- or -0-CO-NH-; 
25 (11) -N=N- ; 

(12) -NH-NH-; and 

(13) -CS-N(R 18 )- or -N(R 18 )-CS-, wherein 
R 18 is hydrogen Ci-^-alkyl, or 
phenyl; or 
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(14) A is absent and G is bonded directly 
to R; 

R is a moiety selected from the group 
consisting of alkyl, alkoxyalkyl, aryl, heteroaryl, 
5 cycloalkyl, heterocycloalkyl , aralkyl, heteroaralkyl, 
heterocycloalkylalkyl , cycloalkylalkyl , 
cycloalkoxyalkyl , heterocycloalkoxyalkyl , 
aryloxyalkyl , heteroaryloxyalkyl , arylthioalkyl , 
heteroarylthioalkyl , cycloalkylthioalkyl , and a 

10 heterocycloalkylthioalkyl group wherein the aryl or 
heteroaryl or cycloalkyl or heterocycloalkyl 
substituent is (i) unsubstituted or (ii) substituted 
with one or two radicals selected from the group 
consisting of a halo, alkyl, perf luoroalkyl, 

15 perf luoroalkoxy, perf luoroalkylthio, 

trif luoromethylalkyl , amino, alkoxycarbonylalkyl , 
alkoxy, ^-02 -alkylene-dioxy, hydroxycarbonylalkyl , 

hydroxycarbonylalkylamino , ni t ro t hydroxy , 
hydroxyalkyl , alkanoyl amino, and a alkoxycarbonyl 
2 0 group, and R is other than alkyl or alkoxyalkyl when 
A is -O- or -S-; 

E is selected from the group consisting of 

(1) -C0(R 19 )- or -(R 19 )C0-, wherein R 19 is 
a heterocycloalkyl, or a cycloalkyl 

25 group; 

(2) -CONH- or -HNCO-; and 

(3) -CO-; 

(4) -S0 2 -R 19 - or -Rl 9 -S0 2 -; 

(5) -S0 2 -; 

30 (6) -NH-S0 2 - or -S0 2 -NH-; or 
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(7) E is absent and R is bonded directly 
to Y; and 

Y is absent or is selected from the group 
consisting of a hydrido, alkyl, alkoxy, haloalkyl, 
5 aryl, aralkyl, cycloalkyl, heteroaryl, hydroxy, 
aryloxy, aralkoxy, heteroaryloxy, heteroaralkyl , 
perfluoroalkoxy, perf luoroalkylthio, 
trifluoromethylalkyl, alkenyl, heterocycloalkyl , 
cycloalkyl, trif luoromethyl, alkoxycarbonyl , and a 

10 aminoalkyl group, wherein the aryl or heteroaryl or 
heterocycloalkyl group is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of an alkanoyl, 
halo, nitro, aralkyl, aryl, alkoxy, and an amino 

15 group wherein the amino nitrogen is (i) unsubstituted 
or (ii) substituted with one or two groups 
independently selected from hydrido, alkyl, and an 
aralkyl group. 

20 106. The intermediate compound according 

to claim 104 wherein said -G-A-R-E-Y substituent 
contains two to four carbocyclic or heterocyclic 
rings . 

25 107. The intermediate compound according 

to claim 106 wherein each of the two to four rings is 
6- member ed. 



108. The intermediate compound according 
30 to claim 104 wherein said -G-A-R-E-Y substituent has 
a length that is greater than a hexyl group and a 
length that is less than that of a stearyl group. 
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109. The intermediate compound according 
to claim 104 wherein A is -O- or -S-. 

5 110. The intermediate compound according 

to claim 104 wherein R is an aryl, heteroaryl, 
cycloalkyl or heterocycloalkyl group. 

111. The intermediate compound according 
10 to claim 104 wherein E is absent. 

112. The intermediate compound according 
to 104 wherein Y is selected from the group 
consisting of hydrido, an alkyl, alkoxy, 

15 perf luoroalkoxy and a perf luoroalkylthio group. 

113. The intermediate compound according 
to 104 wherein R 14 is hydrido. 

20 114. The intermediate compound according 

to claim 104 wherein W of the C(W)R 15 is 0 and R 15 is 
a C-L-Cg-alkyl, aryl, C^-Cg-alkoxy , heteroaryl -C^-C^- 
alkyl, C 3 -C 8 -cycloalkyl-C 1 -C 6 -alkyl / or aryloxy 
group . 

25 

115. The intermediate compound according 
to claim 103 wherein R 3 is a single-ringed aryl or 
heteroaryl group that is 5- or 6-membered, and is 
itself substituted at its own 4 -position when a 
30 6-membered ring and at its own 3- or 4 -position when 
a 5-membered ring with a substituent selected from 
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the group consisting of a thiophenoxy, 4-chloro- 
phenoxy, 3-chlorophenoxy, 4-methoxyphenoxy , 3- 
benzodioxol-5-yloxy, 3 , 4-dimethylphenoxy, 4- 
f luorophenoxy, 4-f luorothiophenoxy # phenoxy, 4- 
5 trifluoro-methoxyphenoxy, 4-trif luoromethylphenoxy, 
4- (trifluoromethylthio) phenoxy, 4- (trif luoromethyl- 
thio) thiophenoxy, 4 -chloro-3-f luorophenoxy, 4- 
isopropoxyphenoxy , 4 - isopropylphenoxy , (2 -methyl -1,3- 
benzothiazol-5-yl)oxy, 4- (lH-imidazol-l-yl) phenoxy, 

10 4-chloro-3-methylphenoxy / 3 -methyl -phenoxy, 4- 
ethoxyphenoxy, 3 , 4-dif luorophenoxy , 4-chloro-3- 
methylphenoxy, 4 -fluoro- 3-chlorophenoxy, 4- (1H-1,2,4- 
t ri azol - 1 - y 1 ) phenoxy , 3 , 5 - di f luorophenoxy , 3,4- 
dichlorophenoxy , 4-cyclopentylphenoxy, 4 -bromo-3 - 

15 methyl phenoxy , 4 -bromophenoxy , 4 -methylthiophenoxy , 

4 -phenyl phenoxy, 4-benzylphenoxy , 6-quinolinyloxy, 4- 
amino- 3 - me thyl phenoxy , 3 -methoxyphenoxy , 5,6,7,8- 
tetrahydro-2 -naphthalenyloxy , 3 -hydroxymethylphenoxy , 
and a 4-benzyloxyphenoxy group. 

20 

116. The intermediate compound according 
to claim 103 wherein said selectively removable 
protecting group is selected from the group 
consisting of a 2-tetrahydropyranyl, C 1 -C 6 -acyl / 
25 aroyl, benzyl, p-methoxybenzyloxycarbonyl , . 

benzyl oxycarbonyl, C 1 -C 6 -alkoxycarbonyl, C x -C 6 - 

alkoxy-CH 2 - , C 1 -C 6 -alkoxy-C 1 -C g -alkoxy-CH 2 - and an 
o-nitrophenyl group. 

30 117. The intermediate compound according 

to claim 103 wherein said nucleophilically 
displaceable leaving group is selected from the group 
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consisting of a halo, nitro # azido, phenyl sulfoxi do, 
aryloxy, C^-C^-alkoxy, a C 1 -C 6 -alkyl sulfonate or 

arylsulfonate group and a trisubstituted ammonium 
group in which the three substituents are 
5 independently aryl, ar- C^^-Cg-alkyl or C-L-Cg-alkyl. 

118. The intermediate compound according 
to claim 103 wherein g is zero. 

10 119. An intermediate compound that 

corresponds in structure to formula VII, below 




vn 



wherein 

g is zero, 1 or 2 ; 

D is a nucleophilically displaceable 
leaving group; 

m is zero, 1 or 2; 
n is zero, 1 or 2; 
p is zero, 1 or 2 ; 

the sum ofm+n+p=l, 2, 3 or 4; 

(a) one of X, Y and Z is selected from 
the group consisting of C(O), NR 6 , O, S, S(O), S(0) 2 



15 



20 
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and NS(0) 2 R 7 , and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R 1:L , or 

(b) X and Z or Z and Y together 
constitute a moiety that is selected from the group 

5 consisting of NR 6 C(0) , NR 6 S (0) , NR 6 S(0) 2 , NR 6 S / NR 6 0, 

SS, NR 6 NR 6 and 00(0), with the remaining one of X, Y 
and Z being CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 

10 consisting of 
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* A 



r" r 13 



V V 

X rv JL ■ Dd JL ; 



wherein wavy lines are bonds to the atoms 
of the depicted ring; 

5 R 6 and R 6 ' are independently selected from 

the group consisting of hydrido, Cj^-Cg-alkanoyl , Cg- 

aryl-C^-Cg-alkyl, aroyl, bis (C 1 -Cg-alkoxy-C 1 -Cg- 

alkyl) -Ci-Cg-alkyl, Cj^-Cg-alkyl, Ci-Cg-haloalkyl , C x - 

Cg-perfluoroalkyl, C-L-Cg-trif luoromethylalkyl , C^-Cg- 

10 perfluoroalkoxy-Cj^-Cg-alkyl, Cj^-Cg-alkoxy-C! -Cg- 

alkyl, C 3 -Cg-cycloalkyl, C 3 -C 8 -heterocycloalkyl, C 3 - 
C a -heterocycloalkylcarbonyl, Cg-aryl, C 5 -C 6 - 
heterocyclo, C 5 -Cg-heteroaryl , C 3 -C 8 -cycloalkyl-C 1 - 
Cg-alkyl, Cg-aryloxy-Cj^-Cg-alkyl, heteroaryloxy-C!" 

15 Cg-alkyl, heteroaryl-C-L-Cg-alkoxy-C-L-Cg-alkyl, 

heteroarylthio-Ci-Cg-alkyl, Cg-arylsulf onyl, C^-Cg- 
alkylsulfonyl, C 5 -C 6 -heteroarylsulf onyl , carboxy-C-L- 
C 6 -alkyl , C x - C 4 - alkoxycarbonyl - C x -C 6 -alkyl , 
aminocarbonyl , C ± -Cg- alkyl iminocarbonyl , Cg- 
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aryliminocarbonyl , C 5 -Cg-heterocycloiminocarbonyl , 
Cg-arylthio-C-L-Cg-alkyl, C 1 -C 6 -alkylthio-C 1 -C 6 -alkyl, 
C 6 -arylthio-C 3 -C 6 -alkenyl / C 1 -C 4 -alkylthio-C 3 -C 6 - 
alkenyl, C 5 -C 6 -heteroaryl-C 1 -C 6 -alkyl / halo-C^-Cg- 
5 alkanoyl, hydroxy- C^-Cg- alkanoyl, thiol-C 1 -C 6 - 

alkanoyl, C 3 -Cg-alkenyl, C 3 -Cg-alkynyl, C 1 -C 4 -alkoxy- 
C 1 -C 4 -alkyl / C 1 -C 5 -alkoxycarbonyl , aryloxycarbonyl , 

NR^-C-L-Cs-alkylcarbonyl, hydroxy-C^-Cg-alkyl, an 
aminocarbonyl wherein the aminocarbonyl nitrogen is 
10 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^-Cg-alky!, ar-C-L-Cg-alkyI , C 3 -C 8 - 
cycloalkyl and a C^-Cg- alkanoyl group, 

hydroxyaminocarbonyl , an aminosulfonyl group wherein 
15 the aminosulfonyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
C 1 -C 6 -alkyl / ar-C ] _-Cg-alkyl , C 3 -C 8 -cycloalkyl and a 

C^-Cg-alkanoyl group, an amino-C 1 -Cg-alkylsulf onyl 

20 group wherein the amino -C 1 -Cg-alkylsulf onyl nitrogen 

is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
consisting of C^-Cg-allcyl, ar-C 1 -Cg-alkyl / C 3 -C 8 - 

cycloalkyl and a C^-Cg- alkanoyl group and an amino - 

25 C 1 -Cg-alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^Cg-allcyl, ar-C 1 -C 6 -alkyl , C 3 -C 8 - 

cycloalkyl and a C^-Cg-alkanoyl group; 
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R 7 is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C^Cg- 

alkyl, C 3 -C 6 -alkynyl, C 3 -C 6 -alkenyl / C^Cg- 

carboxyalkyl and a C 1 -C 6 -hydroxyalkyl group; 

5 R 8 and R 9 and R 10 and R 11 are independently 

selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyl, aryl, ar-^-Cg-alkyl , 

heteroaryl, heteroar-C-L-Cg -alkyl , C 2 -Cg-alkynyl , C 2 - 

Cg-alkenyl, thiol - C x -Cg - alkyl , C 1 -C 6 -alkylthio-C 1 -C 6 - 

10 alkyl cycloalkyl, cycloalkyl-C^^-Cg-alkyl , 

heterocycloalkyl-C-L-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 
alkyl, aralkoxy-C-^Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 
alkoxy-C-L-Cg-alkyl, hydroxy-C 1 -Cg-alkyl # 
hydroxycarbonyl -C x - Cg -alkyl , hydroxycarbonylar-C^ -Cg - 

15 alkyl, aminocarbonyl -C^Cg -alkyl , aryloxy-C 1 -C 6 - 
alkyl, heteroaryl oxy-C 1 -C 6 -alkyl, airylthio-C 1 -Cg- 
alkyl, heteroarylthio-C 1 -Cg-alkyl / the sulfoxide or 
sulfone of any said thio substituents, perf luoro-C 1 - 
C 6 -alkyl, trifluoromethyl-C 1 -C 6 -alkyl, halo-C^Cg- 

20 alkyl, alkoxycarbonylamino-C 1 -Cg -alkyl and an amino- 
C x -Cg -alkyl group wherein the aminoalkyl nitrogen is 
(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^^-Cg-alkyl, ar-C-^Cg-alkyl, cycloalkyl 

25 and C 1 -Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 
carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 
or R 8 and R 10 together with the atoms to which they 
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are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 
sulfur, with the proviso that only one of R 8 and R 9 
5 or R 10 and R 11 is hydroxy; 

R 12 and R 12 ' are independently selected 
from the group consisting of a hydrido, C^Cg-alkyl, 
aryl, ar-Ci-Cg-alkyI , heteroaryl, heteroaralkyl , C 2 - 
Cg-alkynyl, C 2 -C 6 -alkenyl, thiol-C-L-Cg-alkyl, 

10 cycloalkyl, cycloalkyl - C-l -Cg - alkyl , heterocycloalkyl- 
Ci-Cg-alkyl, C-L-Cg-alkoxy-C^-Cg-alkyl, aryloxy-Ci-Cg- 
alkyl, amino-Ci-Cg-alkyl, Cj^-Cg-alkoxy-Ci-Cg-alkoxy- 
Ci-Cg-alkyl, hydroxy-C-L-Cg-alkyl, hydroxycarbonyl-C-L- 
Cg-alkyl , hydroxycarbonylar-Cj^-Cg-alkyl , 

15 aminocarbonyl-Cj^-Cg-alkyl, aryloxy-C^^-Cg-alkyl, 
heteroaryloxy-Ci-Cg-alkyl, C^^-Cg-alkylthio-Ci-Cg- 
alkyl, arylthio-Cj^-Cg-alkyl, heteroarylthio-Cj^-Cg- 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, perf luoro-C-L-Cg-alkyl, trif luoromethyl- 

20 Ci-Cg-alkyl, halo-C 1 -Cg-alkyl, alkoxycarbonylamino- 
Ci-Cg-alkyl and an amino-C^-Cg-alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C^^-Cg-alkyl, 

25 ar-C-L-Cg-alkyl, cycloalkyl and C^-Cg-alkanoyl; 

1 ^ 

R is selected from the group consisting 
of a hydrido, benzyl, phenyl, C^-Cg-alky!, C 2 -C 6 - 
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alkynyl, C 2 -Cg-alkenyl and a C^-Cg- hydroxy alkyl 
group; and 

R 20 is (a) -O-R 21 , where R 21 is selected 
from the group consisting of a hydrido, C^-Cg -alkyl, 

5 aryl, ar-C 1 -Cg-alkyl group and a pharmaceutical ly 

acceptable cation, or (b) -NH-O-R 22 wherein R 22 is a 
selectively removable protecting group, 

120. The intermediate compound according 
10 to 119 wherein said selectively removable protecting 

group is selected from the group consisting of a 2- 
tetrahydropyranyl, C 1 -C 6 -acyl / aroyl, benzyl, p- 

methoxybenzyloxycarbonyl, benzyloxycarbonyl, C x -Cg- 

alkoxycarbonyl, C 1 -Cg-alkoxy-CH 2 - , Ci-Cg-alkoxy-C-L- 

15 Cg-alkoxy-CH 2 - and an o-nitrophenyl group. 

121. The intermediate compound according 
to claim 119 wherein said nucleophilically 
displaceable leaving group, D, is selected from the 

20 group consisting of a halo, nitro, azido, 

phenyl sulfoxide, aryloxy, C 1 -C 6 -alkoxy, a C x -Cg- 

alkylsulfonate or arylsulfonate group and a 
trisubstituted ammonium group in which the three 
substituents are independently aryl, ar- C 1 -C 6 -alkyl 
25 or C-L-Cg-alkyl. 

122. The intermediate compound according to 
claim 119 wherein said halo group is fluoro. 
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123. The intermediate compound according 
to claim 119 wherein g is zero. 

124. A pharmaceutical composition that 

5 comprises a compound according to claim 52 dissolved 
or dispersed in a pharmaceutical ly acceptable 
carrier. 

125. A pharmaceutical composition that 

10 comprises a compound according to claim 62 dissolved 
or dispersed in a pharmaceutically acceptable 
carrier. 

126. A pharmaceutical composition that 

15 comprises a compound according to claim 69 dissolved 
or dispersed in a pharmaceutically acceptable 
carrier. 

127. A pharmaceutical composition that 

20 comprises a compound according to claim 87 dissolved 
or dispersed in a pharmaceutically acceptable 
carrier. 

12 8. A process for forming a 
25 metal loprotease inhibitor compound product or 
intermediate compound product therefore that 
comprises the step of coupling an intermediate 
compound with another moiety, wherein said 
intermediate compound corresponds in structure to 
30 formula VIB, below, and said product corresponds in 
structure to formula VIA, below: 
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(CH 2 ) n -Z^ 

X Y 

\ 1 
(CH 2 )J? H2) P , 



O 



VIA 



X Y 

\ ' 
V- (CH 2 ) P 



^(CH^^ R 20< CH 2>*> 



>3' 



S(0£ 



VIB 



wherein 

g is zero, 1 or 2; 

5 R3' is an aryl or heteroaryl group that is 

substituted with a coupling substituent reactive for 
coupling with another moiety ; 

is an optionally substituted aryl or 
optionally substituted heteroaryl radical, and when 

10 said aryl or heteroaryl radical is substituted, the 

substituent is (a) selected from the group consisting 
of an optionally substituted cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl , aralkoxy , heteroaralkoxy , 

15 aralkoxyalkyl, aryloxyalkyl , aralkanoylalkyl , 

arylcarbonylalkyl , aralkylaryl, aryloxyalkylaryl , 
aralkoxyaryl , arylazoaryl, arylhydrazinoaryl , 
alkylthioaryl, arylthioalkyl , alkylthioaralkyl , 
aralkylthioalkyl, an aralkylthioaryl radical, the 

20 sulfoxide or sulfone of any of the thio substituents, 
and a fused ring structure comprising two or more 5- 
or 6-membered rings selected from the group 
consisting of aryl, heteroaryl, cycloalkyl and 
heterocycloalkyl, and (b) is itself optionally 

25 substituted with one or more substituents 

independently selected from the group consisting of a 
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cyano, perf luoroalkyl, trif luoromethoxy, 
trifluoromethylthio, haloalkyl, trif luoromethylalkyl , 
aralkoxycarbonyl , aryloxycarbonyl , hydroxy , halo , 
alkyl, alkoxy, nitro, thiol, hy droxy car bony 1 , 
5 aryloxy, arylthio, aralkyl, aryl, arylcarbonyl amino, 
heteroaryloxy, heteroarylthio, heteroaralkyl, 
cycloalkyl , heterocyclooxy , heterocyclothio, 
heterocycloamino , cycloalkyloxy , cycloalkylt hio , 
heteroaralkoxy, heteroaralkylthio, aralkoxy, 
10 aralkylthio, aralkyl amino, heterocyclo, heteroaryl, 

arylazo, hydroxycarbonylalkoxy, alkoxycarbonylalkoxy, 
alkanoyl, arylcarbonyl, aralkanoyl, alkanoyloxy, 
aralkanoyloxy, hydroxyalkyl, hydroxyalkoxy, 
alkylthio, alkoxyalkylthio, alkoxycarbonyl, 
15 aryloxyalkoxyaryl , arylthioalkylthioaryl , 
aryloxyalkylthioaryl , arylthioalkoxyaryl , 
hydroxycarbonylalkoxy, hydroxycarbonylalkylthio , 
alkoxycarbonylalkoxy, alkoxycarbonylalkylthio, amino, 
wherein the amino nitrogen is (i) unsubstituted, 
20 or (ii) substituted with one or two substituents 

that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, 
aralkyl , cycloalkyl , aralkoxycarbonyl , 
alkoxycarbonyl , arylcarbonyl , aralkanoyl, 
25 heteroarylcarbonyl, heteroaralkanoyl and an 

alkanoyl group, or (iii) wherein the amino 
nitrogen and two substituents attached thereto 
form a 5- to 8-membered heterocyclo or 
heteroaryl ring containing zero to two 
30 additional heteroatoms that are nitrogen, oxygen 

or sulfur and which ring itself is (a) 
unsubstituted or (b) substituted with one or two 
groups independently selected from the group 
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consisting of an aryl, alkyl, heteroaryl, 
aralkyl, heteroaralkyl , hydroxy, alkoxy, 
alkanoyl , cycloalkyl , heterocycloalkyl , 
alkoxycarbonyl , hydroxyalkyl , trif luoromethyl , 
5 benzofused heterocycloalkyl, hydroxyalkoxyalkyl, 

aralkoxycarbonyl , hydroxycarbonyl , 
aryloxycarbonyl , benzofused heterocycloalkoxy, 
benzofused cycloalkylcarbonyl , heterocyclo- 
alkylcarbonyl , and a cycloalkylcarbonyl group, 

10 carbonylamino 

wherein the carbonylamino nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of 
an amino acid, or (iii) substituted with one or 
two radicals selected from the group consisting 

15 of an alkyl, hydroxyalkyl, hydroxyheteroaralkyl , 

cycloalkyl , aralkyl , trif luoromethylalkyl , 
heterocycloalkyl, benzofused heterocycloalkyl, 
benzofused heterocycloalkyl , benzofused 
cycloalkyl, and an N,N-dialkylsubstituted 

20 alkylamino-alkyl group, or (iv) the carboxamido 

nitrogen and two substituents bonded thereto 
together form a 5- to 8-membered heterocyclo, 
heteroaryl or benzofused heterocycloalkyl ring 
that is itself unsubstituted or substituted with 

2 5 one or two radicals independently selected from 

the group consisting of an alkyl, 
alkoxycarbonyl , nitro , heterocycloalkyl , 
hydroxy, hydroxycarbonyl , aryl , aralkyl , 
heteroaralkyl and an amino group, 

30 wherein the amino nitrogen is 

(i) unsubstituted, or (ii) substituted with 
one or two substituents that are 
independently selected from the group 
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consisting of alkyl, aryl, and heteroaryl, 
or (iii) wherein the amino nitrogen and two 
substituents attached thereto form a 5- to 
8-membered heterocyclo or heteroaryl ring, 
5 and an aminoalkyl group 

wherein the aminoalkyl nitrogen is (i) 
unsubstituted, or (ii) substituted with one or two 
substituents independently selected from the group 
consisting of an alkyl, aryl, aralkyl, cycloalkyl, 
10 aralkoxycarbonyl , alkoxycarbonyl , and an alkanoyl 

group, or (iii) wherein the aminoalkyl nitrogen and 
two substituents attached thereto form a 5- to 8- 
membered heterocyclo or heteroaryl ring; 
m is zero, 1 or 2; 
15 n is zero, 1 or 2 ; 

p is zero, 1 or 2; 

the sum ofm+n+p=l, 2, 3 or 4; 

(a) one of X, Y and Z is selected from 
the group consisting of C(O), NR 6 , 0, S, S(0), S (O) 2 

20 and NS(0) 2 R 7 # and the remaining two of X, Y and Z are 

CR 8 R 9 , and CR 10 R 1:L , or 

(b) X and Z or Z and Y together 
constitute a moiety that is selected from the group 

consisting of NR 6 C(0), NR 6 S(0), NR 6 S(0) 2 , NR 6 S, NR 6 0, 

25 SS, NR 6 NR 6 and OC(0), with the remaining one of X, Y 
and Z being CR 8 R 9 , or 

(c) n is zero and X, Y and Z together 
constitute a moiety selected from the group 
consisting of 
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5 wherein wavy lines are bonds to the atoms 

of the depicted ring; 

R 6 and R 6 ' are independently selected from 
the group consisting of hydrido, C-L-Cg-alkanoyl , C 6 - 

aryl-C^^-Cg-alkyl, aroyl, bis (Cj^-Cg-alkoxy-Ci-Cg- 

10 alkyl) -C^-Cg -alkyl, C-L-Cg-alkyl, C-L-Cg-haloalkyl, C r 

Cg-perfluoroalkyl, Cj^-Cg-trif luoromethyl alkyl , C^-Cg- 
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perfluoroalkoxy-Cj^-Cg-alkyl, C^-Cg-alkoxy-Ci-Cg- 
alkyl, C 3 -C 6 -cycloalkyl, C 3 -C 8 -heterocycloalkyl , C 3 - 
C 8 -heterocycloalkylcarbonyl, Cg-aryl, C 5 -C 6 - 
heterocyclo, C 5 -C 6 -heteroaryl, C 3 -C 8 -cycloalkyl-C 1 - 
5 C 6 -alkyl, Cg-aryloxy-Cj^-Cg-alkyl, heteroaryloxy-C-L- 
Cg-alkyl, heteroaryl-Ci-Cg-alkoxy-C^Cg-alkyl, 
heteroarylthio-Cj^-Cg-alkyl, Cg-arylsulfonyl, C^-Cg- 
alkylsulfonyl, C 5 -Cg-heteroarylsulf onyl , carboxy-C-L- 
Cg-alkyl, Ci-^-alkoxycarbonyl-Cj^-Cg-alkyl, 

10 aminocarbonyl , Cj^-Cg-alkyliminocarbonyl , Cg- 

aryliminocarbonyl , C 5 -C g -heterocycloiminocarbonyl , 
Cg-arylthio-Ci-Cg-alkyl, C-L-Cg-alkylthio-C-L-Cg-alkyl, 
Cg-arylthio-C 3 -Cg-alkenyl, C 1 -C 4 -alkylthio-C 3 -C 6 - 
alkenyl, Cs-Cg-heteroaryl-Cj^-Cg-alkyl , halo-C^-Cg- 

15 alkanoyl, hydroxy- C^-Cg- alkanoyl , thiol-C 1 -Cg- 

alkanoyl, C 3 -Cg-alkenyl, C 3 -Cg-alkynyl, C 1 -C 4 -alkoxy- 
c l" c 4~ alk y 1 ' C 1 -C 5 -alkoxycarbonyl, aryloxycarbonyl , 
NR^-Cj^-Cs-alkylcarbonyl, hydroxy- C x - C 5 - alkyl , an 

aminocarbonyl wherein the aminocarbonyl nitrogen is 
20 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C^^-Cg-alkyl, ar-C^^-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a C^-Cg -alkanoyl group, 

hydroxyaminocarbonyl , an aminosulfonyl group wherein 
25 the aminosulfonyl nitrogen is (i) unsubstituted or 
(ii) substituted with one or two radicals 
independently selected from the group consisting of 
C-L-Cg-alkyl, ar-C 1 -Cg-alkyl , C 3 -C 8 -cycloalkyl and a 
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Ci-Cg-alkanoyl group, an amino-C^Cg-alkylsulfonyl 
group wherein the amino-C^-Cg-alkylsulfonyl nitrogen 
is (i) unsubstituted or (ii) substituted with one or 
two radicals independently selected from the group 
5 consisting of Cj^-Cg-alkyl, ar-C 1 -C 6 -alkyl , C 3 -C 8 - 
cycloalkyl and a C^-Cg-alkanoyl group and an amino- 
C^Cg- alkyl group wherein the aminoalkyl nitrogen is 

(i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
10 consisting of C-L-Cg-alkyl, ar-C-L-Cg-alkyl , C 3 -C 8 - 
cycloalkyl and a ^-Cg-alkanoyl group; 

R 7 is selected from the group consisting of 
a arylalkyl, aryl, heteroaryl, heterocyclo, C^Cg- 

alkyl, C 3 -Cg-alkynyl, C 3 -C 6 -alkenyl , C 1 -C 6 - 

15 carboxyalkyl and a Cj^-Cg-hydroxyalkyl group; 

R 8 and R 9 and R 10 and R 11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, C-L-Cg-alkyl, aryl, ar-Cj^-Cg-alkyl, 

heteroaryl, heteroar-C-L-Cg-alkyl , C 2 -Cg-alkynyl , C 2 - 

20 Cg-alkenyl, thiol -C^Cg -alkyl, C-L-Cg-alkylthio-C-L-Cg- 

alkyl cycloalkyl, cycloalkyl-C^Cg-alkyl, 

heterocycloalkyl - C x -C 6 - alkyl , C x - C 6 - alkoxy-C L -Cg - 

alkyl, aralkoxy-C-L-Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg- 

alkoxy-Ci-Cg- alkyl, hydroxy-Cj^-Cg- alkyl, 

2 5 hydroxycarbonyl -C 1 -Cg - alkyl , hydroxycarbonylar-Ci - Cg - 

alkyl, aminocarbonyl-C 1 -C 6 - alkyl, aryloxy-C^Cg- 

alkyl, heteroaryloxy-Ci-Cg- alkyl, arylthio-C^Cg- 

alkyl, heteroarylthio-Ci-Cg -alkyl, the sulfoxide or 
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sulfone of any said thio substituents, perfluoro-C^^- 

C 6 -alkyl, trifluoromethyl-C^^-Cg-alkyl, halo-C^-Cg- 

alkyl, alkoxycarbonylamino-C 1 -Cg-alkyl and an amino- 

C^^-Cg-alkyl group wherein the aminoalkyl nitrogen is 

5 (i) unsubstituted or (ii) substituted with one or two 
radicals independently selected from the group 
consisting of C-L-Cg-alkyI, ar-C^-Cg-alky! , cycloalkyl 

and C-L-Cg-alkanoyl, or wherein R 8 and R 9 or R 10 and 

R 11 and the carbon to which they are bonded form a 

10 carbonyl group, or wherein R 8 and R 9 or R 10 and R 11 , 

or R 8 and R 10 together with the atoms to which they 
are bonded form a 5- to 8-membered carbocyclic ring, 
or a 5- to 8-membered heterocyclic ring containing 
one or two heteroatoms that are nitrogen, oxygen, or 

15 sulfur, with the proviso that only one of R 8 and R 9 

or R 10 and R 11 is hydroxy; 

R 12 and R 12 1 are independently selected 
from the group consisting of a hydrido, C 1 -C 6 -alkyl, 

aryl, ar-C 1 -C 6 -alkyl , heteroaryl, heteroaralkyl , C 2 - 
20 Cg-alkynyl, C 2 -Cg-alkenyl , thiol-C 1 -Cg-alkyl, 

cycloalkyl, cycloalkyl-C^-Cg-alkyl , heterocycloalkyl- 
C 1 -C 6 -alkyl, C 1 -Cg-alkoxy-C 1 -Cg-alkyl , aryloxy-C 1 -Cg- 
alkyl, amino-C 1 -Cg-alkyl, C 1 -Cg-alkoxy-C 1 -Cg-alkoxy- 
c l" c 6" alk y 1 ' hydroxy-Ci-Cg-alkyl, hydroxycarbonyl-C^- 
25 Cg-alkyl, hydroxycarbonylar-Cj^-Cg-alkyl , 

aminocarbony 1 - C x - Cg - alkyl , aryloxy - C x - Cg - alkyl , 
heteroaryloxy-C 1 -C 6 -alkyl, Cj^-Cg-alkylthio-C! -Cg- 
alkyl, arylthio-C 1 -C 6 -alkyl, heteroarylthio-C 1 -Cg- 
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10 



alkyl, the sulfoxide or sulfone of any said thio 
substituent s , perf luoro-C-L -C 6 -alkyl , trif luoromethyl - 
C 1 -C 6 -alkyl / halo-C^-Cg-allcyl , alkoxycarbonylamino- 
Cl~Cg-alkyl and an amino-C 1 -C 6 -alkyl group wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted with one or two radicals independently 
selected from the group consisting of C^-Cg-alkyl, 
ar-C-L-Cg-alkyl, cycloalkyl and C 1 -C 6 -alkanoyl ; 

R 13 is selected from the group consisting 
of a hydrido, benzyl, phenyl, C 1 -C 6 -alkyl / C 2 -C 6 - 

alkynyl, C 2 -C 6 -alkenyl and a C^-Cg-hydroxyalkyl 

group ; and 

R 20 is (a) -O-R 21 , where R 21 is selected 
from the group consisting of a hydrido, C^-Cg-alky!, 
15 aryl, ar-C^^-Cg-alkyl group and a pharmaceutically 

acceptable cation, or (b) -NH-O-R 22 wherein R 22 is a 
selectively removable protecting group. 

129. The process according to claim 128 
20 including the further step of recovering said 

product . 

130. The process according to claim 128 
wherein R 20 is -NH-O-R 22 , wherein R 22 is a 

25 selectively removable protecting group. 

131. The process according to claim 130 
wherein said selectively removable protecting group 
is selected from the group consisting of a 2- 

30 tetrahydropyranyl, C 1 -Cg-acyl, aroyl, benzyl, p- 
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methoxybenzyloxycarbonyl , benzyl oxycarbonyl , -C 6 - 
alkoxycarbonyl , C 1 -C 6 -alkoxy-CH 2 - , C 1 -C 6 -alkoxy-C 1 - 
Cg-alkoxy-CH2- , an o-nitrophenyl group and a peptide 
synthesis resin. 

5 

132. The process according to claim 128 
wherein said coupling substituent is a 
nucleophilically displaceable leaving group 

10 133. The process according to claim 122 

wherein said nucleophilically displaceable leaving 
group is selected from the group consisting of a 
halo, nitro, azido, phenyl sulfoxido, aryloxy, C^-Cg- 

alkoxy, a C^-Cg-alkylsulf onate or arylsulf onate group 

15 and a trisubstituted ammonium group in which the 

three substituent s are independently aryl, ar- C^Cg- 

alkyl or C 1 -C 6 -alkyl. 

134. The process according to claim 128 
20 wherein g 2 . 

135. The process according to claim 128 

wherein said R 3 aryl or heteroaryl group is an aryl 
group . 

25 

136. The process according to claim 128 
wherein said intermediate that corresponds in 
structure to formula VI corresponds in structure to 
formula VTIA, below, 

30 
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10 



15 




viia 

wherein D is said nucleophilically 
displaceable leaving group and is selected from the 
group consisting of a halo, nitro, azido, 
phenyl sulfoxide, aryloxy, C^-Cg-alkoxy , a C^-Cg- 

alkyl sulfonate or aryl sulfonate group and a 
trisubstituted ammonium group in which the three 
substituents are independently aryl, ar- C^-Cg-alkyl 
or C^-Cg-alkyl . 

137, The process according to claim 128 
including the further step of recovering said 
product . 

138. The process according to claim 128 
including the' further step of selectively removing 

said protecting group, R 22 . 



139. The process according to claim 138 

20 wherein said protecting group, R 22 , is removed after 
carrying out the further step of recovering said 
product . 
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140. The process according to claim 139 

wherein said protecting group, R 22 , is a 2- 
tetrahydropyranyl group. 

141. The process according to claim 129 
wherein R 21 in said product after recovery is 
hydrido, and including the further step of reacting 
said product with hydroxyl amine or a hydroxyl amine 
whose oxygen is reacted with a selectively removable 
protecting group selected from the group consisting 
of a 2-tetrahydropyranyl, C 1 -C 6 -acyl, aroyl, benzyl, 

p-methoxybenzyloxycarbonyl , benzyloxycarbonyl , C x -C 6 - 

alkoxycarbonyl, C^-Cg-alkoxy-CI^- , C-L-Cg-alkoxy-C-L- 

C 6 -alkoxy-CH 2 - , an o-nitrophenyl group and a peptide 

synthesis resin to form a hydroxamic acid or 
protected hydroxamate product . 

142. The process according to claim 141 
including the further step of recovering the product 

2 0 formed . 
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